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ow to measure your high-vacuum 


vapor pump’s efficiency ... i” pints, quarts, and gallons 


the speed with which you reach it 


The fluid in your high-vacuum vapor pump helps de- 
This is the reason CVC has developed the variety of 


termine how much work it will do—and how fast 

The ultimate pressure your pump will produce de- vapor-pump fluids described below, to meet the needs of 
pends in large measure on the vapor pressure of the every type of vapor pump. 

pump fluid. For further information on these fluids and how to 
select the one that’s best for your pump, write to 
Consolidated Vacuum Corporation, Rochester 3, N.Y. (a sub- 
sidiary of Consolidated Engineering Corporation, Pasadena, 


California). 


The chemical and thermal stability of the fluid largely 
determines the maximum throughput and limiting fore- 
pressure your pump achieves 


(T 


Still other characteristics affect ultimate pressure and 


RECOMMENDED VAPOR-PUMP FLUIDS 


4 


Octoil—/for  three- Convoil-10—for high- 

diffusion pumps Work boiler pressure pumps. 
Octoil-S fionating pumps. against higher limiting Works against limiting 
Consistently gives pressures of 1 x 10°’ mm forepressures than Octot forepressures as high as 
He or le Unsurpassed for obtaining lou S. Produces low ultimate 5mm Hg. CVC's type 
ultimate pressures without a cold trap, CVC's pressure of 10°°mm Hg K J-5000 pump illustrated. 
type Gil 5 pumps illustrated. CVC’s type MCF-60 

pump and port assembly 

illustrated. 


Convaclor-8—/for dif- Convoil-20—/for larger 


Convaclor-12-—/or diffusion-ejector pumps 
where gas loads range as high as 50,000 to 
7,000,000 muicron-liters per second. Gives 
greater throughput against high limiting fore- 
pressures than Convoil-20. CVC’ lype KS- 
4000 pumping system illustrated 





fusion, diffusion-ejector, 
and eector pumps. Toler- 
ates more heater input than 
most pump fluids with im- 
provement in limiting fore- 
pressures without serious 
increase in ultimate pres- 
sures. CVC’s type MB- 
200 pump illustrated. 


fractionating pumps where 
an ultimate pressure of 8 x 
10°*mm Hg is sufficient; 
Sor oil-ejector pumps where 
pressures of 10°%°mm Hg 
are required against high 
limiting forepressures. 
CVC's type K B-150 pump 
illustrated. 


Consolidated Vacuum Corporation 


ROCHESTER 3, N.Y. 





CVC sales now handled through Censolidated Engineering Corporation with offices located in: Albuquerque « Atlanta 
Boston + Buffalo « Chicago « Dallas « Detroit « New York « Palo Allo « Pasadena « Philadelphia « Seattle « Washington, D.C 
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About NUCLEONICS 


All eyes on Geneva. When we 
put together the story on the U, S. 
planning for the Geneva conference 
for the May NuCLEONICS, we were 
impressed and overwhelmed by the 
magnitude of the job involved in 
getting ready for the conference. But 
developing the facts for this month's 
article (p. 73) on the United Nations 
work on the meeting has convinced 
us that the largest assault on the 
peacetime atom is now under way. 

Managing Editor Mosbacher who 
wrote the UN story (and the one in 
May) spent a number of days at the 
UN Secretariat building in New York 
and came up with this observation, 
“If you think the U. S. or any other 


nation has a problem, take a look at 
what the UN faces. They've got to 
deal with over 50 nations, make sure 
all are treated fairly on the program, 
come up with a good nonpolitical 
technical program, and do all of this 
in four working languages!” 

From all every atomic 
energy organization in the world— 
large and small—is in some way in- 
volved in the A recent 
trip through western United States 
found most key people writing tech- 
nical papers or lining up elaborate 
exhibits, such as working models of 
reactors. There's no doubt that the 
exhibits at Geneva will be the most 
elaborate ever produced in this field. 


reports, 


conference. 
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A NUCLEONICS Special Report 


1. Site Selection and Plant Layout 
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H, 


4. How to Load Solid-Fuel Reactors . . 


J, A. BOLTON and P, T. CALABRETTA 


How to Design Reactor Shields for Lowest Cost 


JAMES A. LANE 


Determining the Geometry of Thermal Shields 


NEAL F. LANSING 


How to Choose and Place” eens for High-Density 
Concrete Reactor Shields. ..... 


B.A, MONG. and R. M. DOUGLASS 


7. Construction of the SRE Core...... 


R. L. OLSON 


United Nations Planning for the Geneva Conference... 73 


Beta Emitters by Energy and Half-Life... 


NAOMI A. HALLDEN 


Nuclear Power: A Multibillion Dollar Business by 63 


CONTENTS Continved on Next Page 


Another major activity right now is 
guessing who's going to Geneva, with 
the guessing being done by those who 
have an eye on the Swiss Alps. Be- 

cause of the jamup on transportation 
and hotel facilities, a lot of 
people on edge. To give those who 
are going an idea of the layout in 
Geneva, we've reproduced on p. 75 a 


there are 


map of the city showing the meeting 
and exposition halls and the principal 
hotels. We'll be glad to send anyone 
who is going to Geneva a detailed 
map of the city. 

Because of the great importance 
of the in general and 
foreign activity in atomic energy in 
particular, Editor Jerry Luntz will 


Just drop us a line. 


conferenc ec 
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About NUCLEONICS (Continued) 


join the tourists crossing the Atlantic. 
In addition to information presented 
at the conference, he hopes to bring 
back with him a picture of the op 
portunities for U. S. companies 
abroad and the foreign competition 
for this business. 

A final note on the conference story 
in this We've listed all of 
the paper titles received by the UN 
by the time we went to press. We 
hope that we'll have for our July issue 
the names of the papers selected by 
the UN for oral presentation. We'll 
list these by giving the numbers of 
the papers as they appear on pg. 76 
and following pages. 


issue; 


Reactors and isotopes. Because 
we felt the greatest interest in the 
Geneva conference would be in power 
reactors, we decided to devote a good 
part of one of our preconference 
issues to the subject this month’s 


But this does not in any way mean 


Cross Sections 


Effect of Free-Radical Acceptors on Radiosensitivity of Ps. Fluorescens. . . 


PHILIP S. RANE ond SAMUEL A. GOLDBLITH 
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w.S. MOOS and F. SPONGBERG 
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D. J. KNOWLES 
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Cost Data ‘on U. of Michigan Research Reactor. . . 
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104 


W. K. LUCKOW and L. C. WIDDOES 


Departments 


TECHNICAL ADVANCES.... 108 


19 REACTOR NEWS... 22 eee «» 110 


WASHINGTON REPORT 20 


that we're planning to reduce or 
dilute our coverage of other areas of 
the field. In fact, we're tentatively 
planning to devote an entire issue to 
applied uses of radiation sometime 
next spring. (We'd be delighted to 
receive ideas for this. ) 

Meanwhile, we'll publish next 
month an excellent article on use of 
radioise )topes to determine the velocity 
profile of moving liquids. Accuracy 
far exceeds that obtainable by other 
known methods; in fact, for the first 
time velocity can be measured ex- 
tremely near the container wall. 

Next month we'll also publish the 
fourth Products and Materials survey. 
his 
coolants and includes pumps for both 
liquid metals and more conventional 


one is on pumps for reactor 


To assemble this informa- 
tion, we surveyed all known sup- 
pliers of possibly usable pumps, then 
collated and correlated the data they 
supplied about their products. Data 


coolants. 


INDUSTRIAL APPLICATIONS 23 


PRODUCTS AND MATERIALS 129 


is tabulated for both electromagnetic 
and mechanical pumps where models 
that design 
To back up 


this tabulation, we've included listings 


are standard enough 


features can be quoted. 


of manufacturers who primarily build 
to the user’s specifications. 


On the cover. To an editor, the 


is like 


he can display a new idea, important 


front cover a billboard where 


information. But one problem con- 


stantly arises--illustrating the idea 


and presenting the information in 
graphic form. 

One nuclear 
field is a paucity of photographs that 
are both high in illustrative quality 
and technically meaningful. We have 


shortcoming of the 


a continuing need for photographs 
that meet these criteria. Suggestions 
for photographs, from individuals or 


organizations, will be welcome indeed. 


The Editors 





STAINLESS STEEL 
INTERCHANGEABLE DRY BOX SYSTEM 


FOR HANDLING RADIOACTIVE MATERIALS 


Some of the many assemblies possible 
with the interchangeable dry box system. 


Here is a system of interchangeable dry 
boxes that offers several advantages: 


Offers selection of six basic enclosures and varia- 


. SEND FOR TECHNICAL BULLETIN A-4 
tions, 2 types of air locks. 


providing additional information about 


‘ this interch ble dry b tem. 
Completely flexible. Endless arrangements are ee ee 


possible to meet any condition. 





Standardized adapter plates and gaskets provide OTHER TECHNICAL BULLETINS AVAILABLE 


for connecting any type box to another, with or 

without air locks interposed. Units can be re- > na pL. 2 siaie duis 
arranged at any time. ment in which you are interested. 

A-1 Stainless Steel Low Intensity Dry Box 

A-2 Stainless Steel Vacuum Dry Box 

A-5 Biological Safety Cabinets & Research Enclosures 


Standardized supports with adjustable legs ac- 
commodate any enclosure arrangement. Supports 
easily adapted to changes. 


B-2 Dry Radioactive Woste Container 

D-3 Typical Radio-Chemical Laboratory 

E-4 Los Alamos Type Vacuum Rack Enclosures 
E-5 Los Alamos Type Stainless Steel Fume Hood 
E-6 Hanford Downdraft Fume Hood 


All units promptly available for replacement, 
addition or re-arrangement. 


Variations in dimensions of any unit may be 
ordered to meet specific conditions. 











S. BLICKMAN, INC., 7906 Gregory Avenue, Weehawken, N. J. 
r 4 : 
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Solar’s skills with special 


metals are “tailor made 


** 
“4 


for nuclear 


ind ustry components 


BUILDING FOR THE ATOMIC AGE calls for 
many special skills. For 28 years, Solar 
has been solving the problems that 
today confront nuclear engineers 
extreme pressures, intense tempera 
tures, corrosive conditions. Solar 
overcomes these hazards with highly 
precise fabrications of stainless steels 
super alloys, titanium and other metals 
This knowledge—expressed both in top 
quality contract production, and in the 
varied Solar proprietary lines—is now 
available to business firms and govern 
ment agencies in the nuclear field. 


Surface perfection required for AEC use 


SOLAR BELLOWS for an AEC installation 
are shown above, They are one of sev 
eral components built by Solar for 
nuclear processes. Other typical Solar 
products, shown below, are intricate 
turbine blades formed to withstand an 
inferno of heat, and stainless steel air 
craft components that call for expert 
forming of half and full hard metal, and 
for miles of flawless welding 


Compressor rotor for Solar gas turbine 


Current production at Solar also 
includes pneumatic ducting, aircraft 
engine components, and varied hard- 
to-build items for the petroleum, petro 
chemical, power, peed other industries 
both in the U. S. and abroad. A 
rapidly growing Solar product line is 
the building of complete control sys- 
tems for engines and other devices. 


Jupiter gas turbine is light, compact 


GAS TURBINE ENGINES designed and 
built by Solar include the 50 hp Mars 
and the 500 hp Jupiter. Their simplic- 
ity, ease of maintenance, high power 
output in relation to size and weight, 
and versatility make gas turbines the 
ideal prime mover for many specialized 
applications. 


Research facilities include 19 test cells 


SOLAR OFFERS MORE than metalworking 
skills—important as they are in com- 
ponents for atomic installations. 
Complete production facilities are 
supplemented by a comprehensive 
research organization, and by design, 
development and production engineer- 
ing groups. Solar research and 
engineering “firsts” include the first 
practical jet engine afterburner, the 
first practical hand-started gas turbine 
engine, and a host of others ranging 
back to the first stainless steel aircraft 
manifold in the “hedge hopping” era of 
aviation, 


Task force studies complex titanium assembly 


TOUGH SPECIFICATIONS are no surprise 
to Solar. Whether the job calls for pro- 
totype, limited or mass production, 
Solar has the men and soul Ae to turn 
it out—to top quality standards, on time, 
and at reasonable cost 


PRODUCTION FACILITIES Cover every 
type of metalworking—forming, 
machining, welding, brazing, casting, 
coating. Equipment ranges from 
precision experimental and tool shop 
machines to specially designed high 
production units. Solar has designed 
and built many of its own welding and 
fabricating machines for specialized 
needs. Some have proved so useful that 
they have been ordered by firms in the 
United States and Europe. 


Testing stainless steel bellows 


COMPLETE QUALITY CONTROL—to meet 
rigid aircraft and commercial standards 

plus government source inspection, 
assures products that meet specifica- 
tions. Solar plants in San Diego and 
Des Moines have 1,400,000 sq ft of 
floor space and thousands of skilled 
employees. 


LET SOLAR PROVE how its skills are 
“tailor made” for the production of 
nuclear industry components. Describe 
your requirements, and let a Solar task 
force demonstrate that Solar is your 
logical supplier. 








SOLAR NY 


INFORMATION 


For more information regarding 
any Solar product or service, 
write Solar Aircraft Company, Dept, B-11 
San Diego 12, California 
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Nearly a decade of producing leak 
detectors has resulted in this out- 
standing instrument of the mass spec- 
trometer type. The MS-8 boasts a 
number of basic improvements. Chief 
among these is the Self-Cleaning Ion 
Source.* Electrical heating of this 
structure completely eliminates sensi- 
tivity decrease, commonly found in 
other instruments. 


Another factor which places the MS-8 
in a commanding position among leak 
detection devices, is its high useful 
sensitivity . . . it is practically non- 
microphonic. 


Producing leak detectors of advanced 
design is nothing new at VEECO. 
Back in 1946, when some of the major 
particle accelerators were being built, 
VEECO’s first Helium Leak Detec- 
tors were used in testing them. 





The MS-8 is the culmination of 
VEECO’s constant efforts in design 
improvement to meet the most rigor- 
ous demands of high vacuum engi- 
neering. 


VACUUM-ELECTRONIC ENGINEERING CO. 
86 Denton Avenue, New Hyde Park, L. |, New York 
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BaW NUCLEAR STEAM 
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Progress toward large-scale use of atomic energy took a giant forward step 
with Consolidated Edison Company's decision to build a nuclear steam- 
electric generating plant at Indian Point, IN. Y. The first privately financed 
atomic plant in history, Con Edison’s 250,000 kw station will rank with 
the largest conventional fuel plants now being built. 


Con Edison’s farsightedness in going ahead with private development of 
atomic energy is in the tradition established by its founders when elec- 
tricity was first brought to New York City by Thomas A. Edison 73 years 
ago. To Con Edison, as to B&W, atomic fission represents a new and 
valuable source of heat — to be harnessed to develop electricity in a safe, 
efficient manner for the benefit of its customers. 


In selecting Babcock & Wilcox — an experienced supplier of steam gen- 
erating equipment —to design, fabricate and erect the nuclear steam 
generator for the Indian Point plant, Con Edison recognized that a large 
share of the skills involved in nuclear power concern heat transfer, steam 
generation, fluid flow, high pressure piping, metallurgy, welding, and 
similar fields — in all of which B&W is a recognized leader. 


Another basic consideration in this decision was that B&W, with its thou- 
sands of man-months of experience in nuclear power, is in a position to 
negotiate a fixed price contract for the required equipment, in the same 
manner as for a steam generator using conventional fuel. When its new 
fuel element fabrication plant now under construction near Lynchburg, 
Va., goes into operation, B&W will be capable of fabricating almost 90% 
of this equipment in its own shops. 


Since the first days of the Manhattan Project B&W’s experts have been 
called on for solutions to many of the special problems which arise in 
atomic energy. Today, more than 100 experienced B&W nuclear physi- 
cists and engineers, working in concert with B&W’s large staff in conven- 
tional steam generation and its allied arts, are directing the wide range 
of atomic energy projects which B&W has been awarded. The best 
guarantee of realizing the full potentials of nuclear power at the earliest 
possible date is this combination of an intimate knowledge of atomic 
energy with nearly a century of steam generating experience. The Babcock 
& Wilcox Company, Atomic Energy Division, 161 East 42nd Street, New 
York 17, N. Y. 
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Foster Wheeler now ready 


to design and build 


W-COST ATOMIC POWER PLANT 


with new Aqueous Power Breeder 





100,000-kw plant, at estimated cost 
of $21,000,000, will produce electric 
power at from 6 to 9 mils per Kw-hr! 


is Aqueous Homogeneous Power Breeder type of 
nuclear reactor, heretofore regarded as a “long term” 
possibility, is now being offered by Foster Wheeler 


Simplicity of operation and accessibility of the 
equipment are among the unique features of the 
plant. Although designed for minimum maintenance, 
every piece of equipment is readily accessible for 
maintenance or repairs without excessive radiation 


hazard. 


Steam produced by the reactor system can be used 
to run a conventional turbo-generator. 

For further information on the new type of nuclear 
power plant, write to Foster Wheeler Corporation, 


as a practical solution to the problem of high con- 165 Broadway, New York 6, N.Y. 
struction and kw-hr costs of atomic power plants. 

On the basis of design data worked out by Foster 
Wheeler, a 100,000 kw plant can now be built at an 
estimated cost to the owner of $21,000,000 — within 
the price range of a conventional power station, And 
with the aqueous homogeneous power breeder, elec- 
tric production costs could be as low as 6 to 9 mils 
per kw-hr — depending on system load characteris- 
tics, plant location and method of financing. Based 
on AEC estimates, 7-mil electricity would be compet- 
itive with 16% of the present market. 

The aqueous homogeneous power breeder system Wy ; ty ! 
has many inherent advantages. It uses a liquid fuel, mC 
and is self-controlling to the extent that, as demand 
on the steam generators increases, the reactor re- 
sponds by releasing the heat required. Additional 
regulation is provided by controlling the concentra- 
tion of uranium in the fuel solution. 
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An important feature is safety. The amount of fuel 
in the aqueous homogeneous core system is always 
consistent with the amount required for operation, 
because it can be added continually to the system to 
replace the fuel that is burned. To guard against haz- 
ards due to leakage, every piece of equipment con- 
taining radio-active material is enclosed in a sepa- 
rate, secondary vessel that will contain any leak. 


7] WHEELER 


PARIS ST. CATHARINES, ONT. 
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Schematic diagram of an Aqueous Power Breeder 
System showing basic simplicity of this reactor type. 
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i you MUST Stop Corrosion 
KEL-F PLASTIC WILL 


KEL-F Plastic Molded 
and Fabricated 
Valve Linings, 

Valve Diaphragms, 
Gaskets, Ring Seals 
Gauge Crystals, 
KEL-F Dispersion\Coé 
or Laminated Lined 

Tanks, Vessels, Reactors} 

Piping and Tuli 
can protect your 
plant equipment agai 
chemical corragio) 


KEL-F Fluorocarbon Plastic is the best non-permeable, 
corrosion-proof material available today. It is inert to virtually 
any type of chemical attack — including mineral acids, oxidiz- 
ing agents as well as strong caustics. When nothing else will 
protect equipment, KEL-F Plastic usually will. 


HERE ARE SOME OF ITS OUTSTANDING CHARACTERISTICS: 
Temperature Tolerance 
Exhibits satisfactory properties over a temperature range 
of approximately 710°F. (—320°F. to 390°F.) 


High Compressive Strength 
Pressures of 8,000 psi result in only 4% to 5% permanent 
set. Line seals are retained longer when gaskets and O-ring 
seals are made of KEL-F Plastics. 

Non-Adhesive 
KEL-F Plastic is non-wetting even after long periods of 
immersion. Surface is anti-fouling when in contact with 
even the most viscous liquids. 
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KEL-F Plastic is a thermoplastic and easy to fabricate. It is 
readily molded by extrusion, transfer and injection. Available 
in sheets, rods, tubing and film, it can be fabricated, heat 
formed, machined and heat-sealed by a growing list of ex- 
perienced fabricators. 


New! KEL-F Plastic Dispersions 


KEL-F Plastic Dispersions have been developed for bake- 
coating of metallic surfaces that must be corrosion resistant, 
anti-adhesive and electrically non-conductive. These Disper- 
sions can be applied by spraying, spreading or dipping. 
The full story of what KEL-F will do for you is worth having. 
Write or call for additional information. 
THE M. W. KELLOGG COMPANY 
Chemical Manvtacturing Division, 
P. ©. Box 469, Jersey City, N. J. 
SUBSIDIARY OF PULLMAN INCORPORATED 


® Registered trademark of The M. W. Kellogg Company's fluorocarbon polymers. 
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RADIATION 
COUNTER 
TUBES 


featuring 


UNLIMITED LIFE 
CK1026 LOW COST 


Gamma Counter 

a glass, heavy wall, 
halogen quenched tube at 
on extraordinarily 

low price 


CK1049 


Beta-Gamma Counter 
a glass, thin wall, 
halogen quenched tube 
at an extraordinarily 

low price 


These Counter Tubes offer you important operating 


advantages in addition to unlimited life and lowest cost. 


Not damaged by over voltages 


increased pulse height eliminates 


need for amplifiers 


operate over a wider temperature range: 


§5°C to + 75° C 


AVAILABILITY — production capacity on 


these tubes has been increased several fold 


RELIABLE SUBMINIATURE AND MINIATURE TUBES ; 
SEMICONDUCTOR DIODES AND TRANSISTORS 
WUCLEONIC TUBES - MICROWAVE TUBES 
RECEIVING AND PICTURE TUBES : ener. 

Special Tube Division — Home Office : 55 Chapel St., Newton 58, Mass., Bigelow 4-7500 
For application information write or call the Home Office or: 9501 Grand Avenue, Franklin Park (Chicago), Illinois, TUxedo 9-5400 
580 Fifth Avenue, New York 17, New York, Plaza 9-3900 + 622 South La Brea Ave., Los Angeles 36, California, WEbster 86-2851 
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Advanees we Applied Radiation 


DEVELOPMENTS in the FIELD OF APPLIED RADIATI 


ENERGY, its APPLICATIONS and the APPARATUS USED TO PRODUCE IT 





Van de Graaff Checks Jet Parts 


HiGH VOLTAGE’s new mobile |-million 
volt Van de Graaff x-ray generator has 
displayed outstanding perform- 
ance in checking high precision castings 
for jet engines, which, because of their 
critical end use, must be accurately and 
fully radiographed. 

Development of an improved method of 
radiographic inspection for a leading air- 
craft-engine manufacturer, based on this 
machine, will enable quality-control per- 
sonnel to check over 6,000 castings daily, 
with greater reliability and substantially 
less time and effort than previously pos 
sible. Heretofore, radiographic inspection 
by the company was carried out with two 
units of different penetration characteris 
tics, each used for a specific area of the 
casting. This arrangement was obviously 
undesirable from the standpoint of econ 
omy and production line efficiency. Using 
the new technique, all tests can be con 
ducted with the 1-million-volt Van de 
Graaff accelerator. 

This new X-ray generator promises to 
be a valuable asset to the engine com 
pany’s quality control program. With the 
proper balance of low-energy and high- 
energy components in the x-ray beam, this 
unit can effectively radiograph sections of 
castings as thin as 1/16 inch, with ade 
latitude to penetrate sections over 
h thick, all in the same,exposure 
Quality of radiographs is exceptional prin 
cipally because of the Van de Graaff’s tiny 
focal spot (less than | mm in diameter) 
which enables the use of shorter target-to 

Furthermore, the complete 
cost, including the Van de 
under $30,000 — substantially 


recently 


quat 


one im 


film setups 
installation 


Gr aaff 





Crees oF eter 


Os 


.and radiation makes plastics 
stronger than steel!” 


less than for facilities heretofore avail- 
able. (The April issue of ForTUNE mag- 
azine carried a full-page color photo of 
this million-volt radiographic machine on 
its mobile mount. ) 





Accelerator Sterilizes Drugs 


Antibiotics, hormones, vitamins, anti 
coagulants, proteins and sulfa products 
have been successfully sterilized in experi- 
mental studies with radiation from a 2- 
million-volt Van de Graaff accelerator at 
the Upjohn Co., Kalamazoo, Mich. 

Upjohn scientists report the company 
has achieved 100 per cent sterilization of 
these products with no harmful effects re- 
sulting in the drugs. The Upjohn Co. pur- 
chased its Van de Graaff accelerator in 
1951 and was one of the first companies 
to initiate a broad study of radiation as a 
possible sterilizing agent. Its research in 
this field has continued since that time. 

The pharmaceutical industry's interest 
in radiation stems from the important ad. 
vantages promised by successful radiation 
sterilization of an already packaged prod- 
uct, or of a product just before it goes into 
pre-sterilized containers. Although prog- 
ress toward this goal reportedly is encour- 
aging — as witness the Upjohn announce- 
ment — widespread introduction of 
radiation-sterilized pharmaceuticals de 
pends upon approval by the Food and 
Drug Administration of distribution for 
each product and upon development of an 
advantageous cost picture. The outlook 
for achieving both these prerequisites now 
appears favorable 
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A Van de Graoff for Canada 


The Canadian Defense Research Board, 
of the Department of National Defense, 
has purchased from HIGH VOLTAGE a 
2-million-volt Van de Graaff particle ac- 
celerator to produce both positive ions and 
electrons for research use. 

The machine will be installed at the 
Suffield Experimental Station at Alberta, 
Canada. The amount of the contract 
is $106,500 

The 2 MeV Van de Graaff produces 
beams of x-rays, electrons, positive ions 
and neutrons — each of known and con- 
trollable energy and intensity. This com- 
pact source of fundamental radiation is 
only 7 feet long and 3 feet in diameter, 


Hicu VoLTraGeE I 


INIVERSITY ROAD 





Shell Oil Neutron Research 


Shell Development Company has re 
cently put in operation a 2-million-volt 
Van de Graaff positive-ion accelerator for 
neutron production at its Exploration and 
Production Research Division in Houston 

This accelerator, first of its size and 
type to be purchased by the oil industry, 
is being used by Shell scientists to aid in 
the continuing search for possible oil 
bearing structures deep underground. It 
will be employed primarily to duplicate 
nature’s own radioactive processes under 
laboratory conditions. 

It has long been known that certain ma 
terials found in nature constantly give off 
radiation but little has been known of the 
specific effects caused by such radiation 
over the centuries. Now, using the Van 
de Graaff as a powerful radiation source, 
Shell scientists can in a few hours produce 
the same effects in a rock sample that may 
have taken nature 10 million years or 
more to accomplish. 

The accelerator also is being used in 
neutron activation analysis to identify spe- 
cific elements in rock samples. 


2-Million-Volt Van de Graaff particle ac- 
celerator installed at Shell Development 
Company, Houston, Texas 





Research Machine to Bell Labs 


HiGH VoLtaGe recently announced the 
sale of a one-million-volt Van de Graaff 
electron accelerator to Bell Telephone 
Laboratories, New York, N. Y 

The machine will be used in a research 
program including electron bombardment 
of solids. It will be directed by Messrs 
W. L. Brown and R. C. Fletcher. 


( O)"4u8) e.eelLen, 





The Oak Ridge Swimming Pool Reactor in opera- 
tion--forerunner of new research reactors for 
which L& N has engineered and built the first com- 
plete “package” control systems. This swimming 
pool reactor was designed at ORNL, operated for 
the Government by Union Carbide and Carbon Corp, 


A new concept in nuclear reactor instrumentation... 


L&N Package’ Coudrol Sutton 


Nuclear reactors for private enterprise are no dating from activation of the original Chicago Pile 
using standard L&N instruments which can control 


reactors routinely, without the elaborate customizing 


longer classified as ‘‘things to come.’’ College research 
reactor No. 2—privately constructed, owned and 
operated—-will be in service shortly at Pennsylvania so often required when velocity-feedback servo 
State University. And No. 3, the University of systems are used 
Michigan Reactor, will follow closely 

Both the Penn State and Michigan Reactors will Package reactor control in its various aspects 
be completely controlled by L&N “pac kage’ reactor fat |" ‘8 described in our new brochure, “L& N 
: ) eae Control Systems for Nuclear Reactors 
control systems, the first such package controls ever an ae Rit he cind tp makdeneecny. Juct writs 
engineered-——another “‘first’’ for Leeds & Northrup Pee to Leeds & Northrup Company, 4936 Sten- 
Company, pioneers in precision control; builders of Ned st ton Ave., Philadelphia 44, Penna. 
the world’s first electronic recorder j 

The package concept involves far more than con- ! 
trol instrumentation. It includes design services, 
engineering consultation, individualized fabrication LEEDS : NORTHRUP 
of panels or cubicles, and more. It’s an approach 
possible only by a group with L&N experience 
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SEALED——RUGGEDIZED INSTRUMENTS 
BY ROLLER-SMITH HAVE THAT 
“NEW LOOK’ FOR 
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NEN 


MULTIPLIER | 
PHOTOTUBE “ 


RCA-6655 


The new RCA-6655 is a flat-face, head-on multiplier phototube 

embodying advanced design features to provide a better tool for the 
laboratory and field engineer engaged in nuclear radiation instrumentation. 
It has a 10-stage multiplier with the RCA-developed unique circular cage 
structure enabling short pulse resolving time at the relatively low overall 
supply potential of 1000 volts. Other important features of this new tube are: 


© Focusing electrode—with external 
connection for shaping the field which 
directs photoelectrons from the cathode 
onto the first dynode— permits optimiz- 
ing the magnitude, uniformity, or speed 


of the response in critical applications 


© Flat face facilitates mounting flat 
phosphor crystals in direct contact 
with the face. 
© Relatively large flat cathode area 
(with minimum diameter of 1-!!/\6") 
. permits excellent optical coupling be- 
tween the phosphor and the cathode 
with the result that a maximum number 
of photoelectrons are produced for 


each scintillation, (Important in nuclear 
radiatinn spectroscopy because it offers 
the advantage of minimum statistical 
spread in output pulse heights). 


* Spectral sensitivity response of 3000 
to 6500 angstroms with maximum 
occurring at approximately 4400 ang- 
stroms. This sensitivity to blue-rich 
light makes the RCA-6655 well suited 
for use with organic phosphors such as 
anthracene and inorganic materials such 
as thallium-activated sodium iodide. 








* Sturdy construction enables the 
RCA-6655 to withstand the rigors of 
field use, 








cathode iuminous sensitivity : 50 micro- 
amperes/ jumen®  ——™S 

radiant sensitivity at 4400 angstroms: 
0.040 microampere/microwatt* 
current amplification: 500,000° 














For sales information, call or write the 
RCA office nearest you: 

EAST HUmboldt 5-3900, 744 
Broad Street, Newark, N.J. 
WHitehal!l 4-2900. Suite 
1181, Merchandise Mart 
Plaza, Chicago 54, Il. 
MAdison 9-3671. 420 S. 
San Pedro St., Los Angeles 
13, Calif. 

For technical data on the 6655, write ACA, 
Commercial Engineering, Harrison, N. J 


MIDWEST 


WEST 


RADIO CORPORATION of AMERICA 


FTYBE DIVISION 


NARRISON, H. 4. 
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Farrel-Cteming nGhimn 


FB-1013 


Looking for a sub-contractor, or a source of supply 
for certain products used in the atomic energy 
industry? Then you should have a personal copy 
of this new booklet. 

It provides detailed information on the follow- 
ing Farrel® products, developed through close as- 
sociation with the industry since 1948: 

Radiation shielding 

Reactor components 

Transfer and storage casks 

Decontamination cells 

Remotely controlled manipulation equipment 


Also discussed are F-B® services in the fields of 
machining, welding, casting and specialized 
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machine construction. These facilities and the 
knowledge gained from long experience in build- 
ing specialized tools and machinery, are offered to 
the customer who prefers to design machinery 
himself, and have it manufactured by others. 

Illustrations of the products and services 
described have been included. Use the coupon 
today to get your free copy. 


FARREL-BIRMINGHAM COMPANY, INC. 
ANSONIA, CONN. 
Plants: Ansonia and Derby, Conn., Buffalo and Rochester, N. Y 
Sales Offices: Ansonia, Buffalo, New York, Akron, Chicago, 
Fayetteville (N.C.), Los Angeles, Houston 


3 
FARREL-BIRMINGHAM COMPANY, INC. Ansonit:, Conn. 


Please send me, without cost or obligation, a copy of your new 
bulletin 274. 








The key to harnessing the power of the atom 
lies largely in the economic design of the power 
reactor. NDA has been a leader in reactor design 
and engineering since 1948—longer than any other 
independent private enterprise. For example, the 
large-scale atomic power plant being planned by 


the Detroit Edison Company and its associated 


HOW TO companies will employ an advanced reactor for 


which much of the nuclear engineering and physics 


SQUEEZE JUICE has been evolved in the engineering offices and 


laboratories of NDA. Many other reactor designs, 


FRO M ranging from small units for research to large-scale 
power reactors capable of producing 200,000 kilo- 


AN ATOM watts of electricity, have been conceived and 
designed by NDA. 


Technological contributions such as these 
have been made possible by the coordinated efforts 
of NDA’s highly trained team of scientists, en- 
gineers and technicians. Their capabilities in the 
fields of research, design, development and en- 
gineering have been demonstrated repeatedly by 
their past achievements. Before your company 
initiates any project requiring advanced nuclear 


technology, consult NDA for expert counsel. 


For more information about NDA’s services 
write for brochure SJT. 


WHITE PLAINS 8-5800 IN Dy NUCLEAR DEVELOPMENT ASSOCIATES, INC. 


80 GRAND STREET, WHITE PLAINS, NEW YORK 
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ROUNDUP of Key Developments in Atomic Energy 





Thermonuclear 
Power 


Reactor 
Hazards 


Bilateral 
Agreements 


FDA Pessimistic 
on Potatoes 


LATE NEWS and Commentary 


In contrast with continued U. S. reticence to acknowledge even the existence of 
the U. S. project, Russia has said it is working on harnessing the hydrogen bomb 
fusion reaction. The United Press quotes a Moscow broadcast; “Soviet scientists 
are endeavoring to direct the enormous reserves of nuclear energy contained in 
the hydrogen atom so that life will triumph on earth.” 

This report of Russian activity in this area seemingly does away with one high- 
level U. S. argument for not breathing a word about the subject—that doing so 
would tip our hands to the Russians on the fact that we are working in what 
some consider a potentially vital area and cause the Russians to dig into this field. 

Although present commissioners of AEC are said to be unanimous in favor of 
keeping mum on the subject, a committee of scientists made the reverse recom 
mendation not very long ago. 


In a combined warning and plea for cooperative action, C, Rogers McCullough, 
chairman of AEC’s reactor safeguards committee, told an Atomic Industrial 
Forum meeting last month that unless the total reactor hazard problem is ap- 
proached “satisfactorily” the industry may be bogged down. He said that there 
is a need for the development of safety standards (although not a code at this 
time) and that AEC needs advice from industry and from professional societies. 
There is also the need, he said, for both industry and government to compile 
data on: critical and transient experiments, corrosion tests, life tests on fuel 
elements, and effects of reactivity changes on reactor performance. 


On May 31, Brazil and Colombia became the second and third countries to 
complete bilateral agreements with the United States for exchange of atomic 
energy information and materials. Like the first such agreement ond was 
made with Turkey on May 3 (see p. 19), these provide for lease from the U.S 
of up to 6 kilograms of contained U-235 in uranium enriched up to a maximum 
of 20%. 

Actual signing of the agreements has to wait until initialed copies have been 
before the Joint Committee on Atomic Energy for 30 days while Congress is in 
session. Thus, to be valid, further agreements this summer have to be 
completed by June 15; Congress is planning to adjourn July 15. 

It is expected that 12 to 18 bilateral agreements to be completed in time 
Agreements with Israel and the Philippines are almost ready for initialing, and 
negotiations are underway with the Netherlands, Italy and Switzerland. More 
complex agreements are being negotiated with Be ‘Igium, Canada and Great 
Britain. 


An uproar greeted Food and Drug Administration representative A. J. Lehman's 
statement that FDA “does not look favorably” on radiation treatment of potatoes 
to prevent sprouting. Until Lehman was queried directly, the May 25th Brook- 
haven National Laboratory conference on potato irradiation had proceeded 
normally. 

Lehman backed up his statement by referring to his article in the Jan, ‘54 
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LATE NEWS and 


Commentary 
CONTINUED 


Kaiser, GE to 
Design ETR 


WHO Will Study 
Atom Use, Protection 


Defines State 
Problems 


Nuc.eonics—pointed out that testing of irradiated foods must be lengthy when 
large portions of the population may be involved. He estimated 15 years would 
be needed for testing, but backtracked by talking about the situation changing 
within a year, 

Reaction of the audience, which included a large segment of those working 
on radiation processing, was that 5 5 years should be the outside time for approval 
Quartermaster Corps has alre: ady started wholesomeness studies, including 
human feeding. Some present later said FDA has to clarify its position and 
either start its own testing program or say it will accept Quartermaster results 


AEC has awarded the contract for architect-engineer work and design for the 
Engineering Test Reactor (NU, May ‘55, p. 14) to Kaiser Engineers on a cost- 
plus-fixed-fee basis. General Electric will do some of the design as subcontractor 


to Kaiser 
° 


The World Health Organization, a United Nations specialized agency, is em 
barking on a two-phase program in atomic energy. It will limit itself to inter 
national aspects it says no one nation can handle alone 

Protection against radiation hazards—primarily contamination of air, sea and 
land by wastes from nuclear plants—will be studied. WHO contemplates 
providing expert advice and collecting and disseminating data on community 
protection, health hazards, and radiation measurement 

Second phase of the program would be devoted to medical use of radioisotopes 
Here too, WHO would act as an information clearing house. It would also set 
up a long-term program for training aid, based on fellowship consultants, study 
tours, and advanced courses. 

Two committees will study these programs in 1956. A WHO budget allot 
ment of $42,000 is being provided. 

While study of fallout from nuclear bomb tests isn’t included specificially in 
the WHO program, it’s likely that some UN study will be set up this fall 


Sweden has already announced its intention of leading the Scandinavian 


countries in proposing to the General Assembly this fall a study of immediate 
ind long-rang» biological effects 


New conditions make it imperative for state governments to look closely at 
atomic activity and possible regulation. So said W. A. W. Krebs of MIT at last 
month’s Atomic Industrial Forum meeting. 

First, says Krebs, the legal status of persons and organizations in the field is 
changing: licensees will no longer be “wrapped as luxuriously in the cloak of 
federal immunity.” Licensees may have to get state certificates of convenience 
and necessity; state rate regulation will have to consider proper allocation of 
possible excess costs; federal preference under the Atomic Energy Act may be 
at odds with state policy; waste disposal will have to be conside red in light of 
water supply, which is large sly reculated by state and interstate bodies. F inally, 
local zoning and construction codes may have to be met. 

Second, the “locus of initiative” has changed. Decisions formerly made by 
the federal government will be made by industry, which is panjoct to other in 
fluences. An example is the building of a power reactor; a loss operation is 
more favorable in a state that taxes utility income rather at utility property. 
A state development agency could influence an industrial decision by being well 
informed, aggressive, and cooperative 
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Soviet, West Push Plans 
for Nuclear Power, 
lsotopes 


With the United Nations atomic 
energy conference just two months 
away, the major world powers are 
quickening the pace at which they 
are disseminating atomic energy in- 
formation and aid. Last month 
Britain signed an agreement with 
France for exchange of nonsecret 
data on development of peaceful 
uses of atomic energy. Iraq de- 
cided to send an official delegation 
to the U. S. to discuss atomic energy 
And on May 6, the 
U. S. Congressional Joint Commit- 
tee on Atomic Energy received a 
copy of the U. S. agreement for 
cooperation with Turkey (NU, May 
55, p. 10). Under the law, the 
agreement lies before JCAE for 30 
days before becoming effective. 

[wo points in the 10-year agree- 
ment with Turkey disturb some 
JCAE members, who feel they are 
written too loosely. First, “more 
than the 6 kg of uranium-235 speci- 
fied by the agreement can be trans- 
ferred to Turkey if the Atomic En- 
ergy Commission desires. Second, 
not all “terms and conditions” con- 
tingent to the uranium lease are in 
the document—mutual agreement 
later is permitted. 

AEC has indicated that much the 
same form will be used in bilateral 
agreements following this first 
historic one with Turkey. Several 
such agreements are now being 
negotiated. 

Soviet has plan too. While the 
West thus pursues the Eisenhower 
atoms-for-peace plan, the Soviet bloc 
is starting a plan of its own. The 
USSR recently signed agreements 
with its satellites that are said to 
provide Russian technical assistance, 
nuclear reactors, fissionable materia! 
and isotopes. Russia will also in 
vite technicians and scientists to at- 
tend nuclear science courses. 

The Soviet agreements were 
signed at the end of an 8-week visit 
to Moscow during March and April 
by representatives of the satellite 
During that time, the 
delegates also visited nuclear in- 
stitutes at Moscow, Leningrad, Kiev, 
and Charkov. 

This Soviet program has aroused 
considerable speculation. The big 
question is just how much of it is 


Vol. 13, No.6 - June, 1955 


c ooperation. 


countries 





ROUNDUP 





PURCHASE BY SWISS of pool-type reactor that will be port of U. S. exhibit at the 


UN Geneva conference, is being negotiated. 


As shown by picture, tank for reactor 


was in ground outside Palais des Nations last month. Framing of temporary building 
that will house unit had started. Meanwhile, at Oak Ridge National Laboratory, 
criticality tests with the Bulk Shielding Reactor proved that fuel elements and controls 
for Geneva reactor would work. Unit will cost U. S. $350,000; price Swiss will pay 
and where they will relocate reactor has not been decided 


political maneuvering aimed at pro- 
viding fertile ground for propa- 
ganda. It’s interesting that a 
worldwide technical assistance pro- 
gram transcending the Eisenhower 
plan was included as point 5 in the 
recent USSR disarmament ape 
These proposals come up before the 
UN General Assembly next fall. 

Perhaps the clearest picture of 
what the Soviet bloc is doing will be 
given by the papers they present at 
the UN conference in August. The 
UN is striving to keep the con- 
ference nonpolitical; it has a good 
chance of succeeding (see article on 
p. 73). But the technical content 
of the Soviet bloc contribution will 
provide the real key—notwithstand- 
ing any olitical activity on the con- 
ference fringe. 

Even before the conference, how- 
ever, there are some indications that 





the Soviet plan is being pushed 
hard. But reports from Czecho 
slovakia, East Germany, Hungary, 
Rumania, and Poland also indicate 
that some snags are developing. 

Czechoslovakia. Construction of 
a nuclear power plant is said to 
have started in the fall of 1954. But 
Czech newspapers have been point 
ing out that the first nuclear plants 
will be costly and could not be built 
without Soviet aid. 

East Germany. It was = an 
nounced some time ago that an 
atomic institute would be built in 
Buch, near Berlin. So far, however, 
not even the electric utility lines 
needed to serve the installation have 
been installed. 

East German research so far has 
been of a theoretical nature. In 
creased activity is expected this 
year: two top level scientists, Hertz 


ELECTRON ANALOG is being used at Brookhaven National Laboratory to study operating 
characteristics and design of planned 25-Bev strong-focusing proton synchrotron Elec 
trons ore injected into analog by 1-Mev Van de Graoff in rear, are then accelerated to 


energies up to 10 Mev in 45-ft diameter ring. 


Final 25-Bev proton machine will have 


an over-all diameter of about 850 ft. Over 80 people in BNL's accelerator development 
department are now working on the synchrotron project 
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and von Ardenne, have returned 
from a 10-year stay in Russia to 
head up the East German program 
Hungary. Perhaps the satellite 
leader in the nuclear field, Hungary 
reports that it is already using iso 
topes for control and measurement 
in many of its industries. A re 
actor capable of isotope production 
will be provided by Russia; Hungary 
will also use the reactor for ex 
periments leading to nuclear power 
Hungary has also opened a new 
research institute near Csilleberg 
Included in its equipment is at 
least one 1-Mev accelerator 
Poland. Like Hungary, Poland 


and power studies, It’s reported 
that Poland is studying radiation 
effects and their possible industrial 
use 

Rumania. Claiming 
uranium reserves to support a power 


adequate 


economy, Rumania says it needs 
help in setting up processing plants 
as well as in building reactors 


Spreading of Power, Test 
Reactor Plans Continues 
The multiple attack on the prob 
lems of nuclear power and other 
industrial use of reactors continues 
to widen both geographic ally and in 


by Pratt & Whitney Aircraft Co, of 
East Hartford, Conn., were split as 
some work was shifted to AEC’s 
Livermore laboratory in California 
Economy and time were factors. 

@ Arthur D. Little, Inc 
studies of financing and site selec 


continued 


tion for an engineering research 
reactor. To cost about $15-million, 
the reactor would have more irra 
diation space and higher flux than 
the MTR. It would be owned by 
an industrial group, Little would 
operate it and rent space. Plans 
are expected to crystallize in two or 
three months. 

® Minnesota Nuclear Operations 


is planning to use a Soviet-provided scope 
reactor both for isotope production 





Washington Report 


The hottest issue in the civilian reactor development 
program went supercritical recently in a touchy 
exchange between Senator Clinton P. Anderson (D, 
N. M.), chairman of the Joint Committee on Atomic 
Energy, and Commonwealth Edison Co. officials. 


At a dinner meeting April 27, during a National 
Industrial Conference Board management course, 
Anderson remarked that the four utilities groups 
that submitted proposals under the Atomic Energy 
Commission's power demonstration reactor program 
were making a move that would hurt them in the 
long run. He said their plans were so bold, and 
went so far in an attempt to get the atomic powel! 
industry off the ground, that the companies for their 
own sakes should have gone one step farther and 
side-stepped the demonstration reactor program and 
applied only for licenses to operate reactors, as did 
Consolidated Edison Co. of New York 

This comment irked Commonwealth. The com- 
pany is a member of a seven company group (Nu 
clear Power Group, Ine that submitted a proposal 
for a 180,000-kw boiling-water reactor under the 
demonstration program's April 1 deadline 

Although its group applied under a program 
which promised federal aid in building acceptable 
reactors, Commonwealth disliked intensely being 
In a letter to 


statement 


compared unfavorably with Con Ed 
Anderson—written the day after his 
Commonwealth made it clear it was seeking nothing 
more than Con Ed had requested 

Although Con Ed did not 
apply under the demonstration reactor program, the 
New York utility has the same chance to qualify for 


This is quite true. 
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Within the past month 
® Aircraft reactor research activities Inc 


Group was formed by General Mills 
Minneapolis-Honeywell Regu 





government aid as do those who came in under the 
program. Commonwealth Edison realized it too 
could do this, but felt it should submit its request 
for a license in conformity with an announced AEC 
development program. 

Actually, the only damage done in the Anderson 


Commonwealth exchange was ruffling of pride. 


The Chicago utility wants the federal aid for which 
it qualifies under the law, but it also wants the 
public to know that it isn’t asking for more than 
others are 

But the matter did serve to point up something 
Anderson has repeatedly emphasized; the danger of 
subsidization of civilian reactor development, and 
the resultant continuation of government control 
over the industry. 

Anderson particularly dislikes the power demon 
stration reactor program. He thinks its require 
ments for participating companies to sign agree- 
ments with AEC will prolong government supervi- 


And he feels 


its provisions for government financial aid provide 


sion of the civilian reactor program. 
too much room for outright subsidization of 
privately-owned nuclear power plants. Anderson 
thinks the demonstration reactor program holds out 
too much promise, that it seems to promise more aid 
than is actually permitted by law 

AEC doesn't think so, and it’s stuck to its plans 
However--and Anderson's prodding is at least 
partially responsible for this—AEC now recognizes 
the dangers its program contains. It realizes the 
demonstration program needs strict policing to keep 
its financial aid provisions from snowballing into 
subsidies. 
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lator Co and Northern States 
Power Co. to spot nuclear activities 
of benefit to the state’s industries. 


Plan for A-Ship Prompts 
Flurry of Other Proposals 


President Eisenhower's plan for 

nuclear-powered freighter (NU, 
May ‘55, p. 9) has precipitated a 
raft of other ideas for nuclear vessels. 
These range from thoughts on a 
supe rliner to Congressional in 
tentions to plug for a second cargo 
vessel—and counterproposals to help 
other nations develop their nuclear 
kr whow 

Some details of the President’s 
proposal seem to be firming up. 
Guesses are it will entail a 10,000 
15.000-ton ship about 500 ft long, 
with an 18-knot speed. The $33.6- 
million vessel would be built with 
$12.65-million for the hull from 
Maritime Administration funds and 
the $21-million reactor from AEC 
funds. The reactor would be 
similar to the one used on the 
Nautilus. Ship would take about 
24-30 months to complete and 
would cost $500,000/yr to operate. 
After hearings by the House Mer 
chant Marine and Fisheries Commit 
tee, its chairman, Rep. H. C. Bonner, 
warned that the military seemed 
bent on frustrating the project with 
its intention to hold close rein on 
propulsion reactors. Rep. Bonner 
said he will propose a second 
nuclear ship whose reactor will take 
ibout five years to build. 

AEC and the Navy plan to build in 
Idaho a test model Large Ship Re 
ictor (LSR) for carriers and cruisers. 

United States Lines is considering 
using a reactor to power the suc 
cessor to the firm’s liner America 
Che proposed ship probably will be 
comparable to their 53,000-ton liner 
United States, which is 990 ft long 
and carries 2,000 passengers. 

rhe interest stimulated by the 
President's plan also prompted other 
hippi interests to busily unveil 
irtist’s conceptions of nuclear ships. 
jut amidst the excitement, answers 
to two questions hold the key to 
Congressional action and the im 
mediate future in this field: (a) 
Is the exhibition ship the best way 
to demonstrate our peaceful ac 
complishments and intentions? (b) 
What is the best way to foster de- 
velopment of economic reactors for 


merchant vessels? 
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About the Industry 


Congress and the Administration are hacking away at one of the 
major obstacles to nuclear power development: the public utilities 
holding act. This 20-year-old piece of legislation makes any com 
pany holding 10% or more of the stock of a generating company a 
holding company. Holding companies are subject to regulation by 
the Securities and Exchange Commission, including approval of 
financing. 

Already subject to Federal Power Commission and/or state 
public utility control, most power companies shy away from SEC 
control. But the cost of nuclear power plants, especially at the 
present state of the art, dictates multicompany backing 

One way companies working together on nuclear power plants 
avoid the holding act is to form nonprofit corporations whose 
activities are confined to power research. That's the route Atomic 
Power Development Associates and Nuclear Power Group are tak 
ing. The question is; What happens if their experimental plants 
are improved to the point where they can produce competitive 
power? Can they retain their exemption from the holding act if 
AEC declares that the type of reactor they have built is a commer- 
cial facility under the Atomic Energy Act of 1954? 

APDA says it will sell out to one of its backers if AEC makes 
such a ruling 

First attempt in Washington to alleviate the situation is a bill 
introduced by Rep. Thomas A, Dodd (D., Conn.), This bill would 
negate the 10% rule for a company not otherwise a holding company 
if it met three tests: that it and the other owning companies have 
interconnected facilities and are within economic transmission dis 
tance of the jointly owned plant; that the entire output will be sold 
to the government or to the owning companies; and that issuance 
of securities by the jointly owned company is subject to the jurisdic 
tion of a state or Federal agency. 

Actually, some of the nuclear power teams don’t have intercon 
nected facilities. But Rep. Dodd’s bill hasn't yet been com 
mented on by the Administration; it’s by no means the final word 


on easing of government restrictions. 


Not only technical firms are taking advantage of AEC’s new access 
program to get a look at classified information (NU, May ‘55, p 
13). The country’s biggest brokerage house—Merrill Lynch, 
Pierce, Fenner & Beane—has signed an access agreement with AEC 
The firm will study data in the confidential or “gray” area; L 
clearances will be granted to selected personnel, 

W. H. Smith, managing partner of the Wall Street firm says, 
“We are sure that when our firm has access to information on 
atomic energy we can help provide the needed capital for the 
development of atomic energy for peacetime uses 


Access agreements aren't the only way to get investment informa 


tion in the atomic energy field. Another way is to hire a consultant 


or a consulting firm to evaluate the field. Mutual Life Insurance 
Co. of New York and First National City Bank, also a New York 
establishment, retained Arthur D. Little, Inc., recently for advice 
on investment and banking opportunity in the atomic industry. 
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RAW MATERIALS 


AUSTRALIA: ships first commercial 
vre to U, S, 
ment worth almost $'%-million, 
revenue from shipments of the first 
18 months will be used to repay the 
£3-million used to set up the treat 600 mi’. 
ment plant. 


MADAGASCAR: makes first ore 
delivery. Société les Minerais de la 
Grande Ile, the company exploiting 
a new uranium-thorium deposit 


prin ipal vein. 





Reactor News 


Two more utilities join plan for Nuclear Power Group 
reactor, Central Illinois Light Co. and Illinois Power 
Co, have joined Nuclear Power Group's original 5 firms 
in sponsoring a $45-million boiling-water power reactor 
to be built on a 750-acre site near Morton, Illinois 
which is 47 miles southwest of Chicago (NU, May ’55 
p. 11). Commonwealth Edison, which will own and 
operate the plant, will provide the site, cover overhead 
costs, pay $4.5-million for transmission facilities, and 
put up $30-million towards the plant other firms will 
invest $15-million for the experience to be derived 
For its investment, Commonwealth Edison is expected 
to be able to generate electricity that will be approxi 
mately competitive with the 7—8-mill/kwh power from 
new coal-fired plants in its area If AEC approves the 
plan, General Electric will build the 180-Mw plant as 
prime contractor with Bechtel Corp. as engineer-con 
structor. For more information on this plan, see “Wash 
ington Report” on p. 20 


British firms team up to build nuclear power plants. 
Seven Tyneside companies have accepted an invita 
tion by the electrical-engineering firm of Messrs. C. A 
Parsona and Co. Ltd. to form a separate $2.8-million 
capital corporation to design and build complete nuclear 
power plants in any part of the world 


Funds asked for U. of Florida reactor. Florida’s 
Governor LeRoy Collins h is requested appropriation by 
the state legislature of $500,000 towards construction of 
a $3-million reactor facility for the University of Florida’s 
engineering and industrial experiment station. Balance 
of needed funds would be provided by priv ite sources 
Reportedly, the APPR type reactor would supply the 
University 20,000 lb/hr steam at 500° F as well as being 
used for experiments. 


Subcritical reactor for NYU. A 1/300th watt subcritical 
reactor consisting of a 5-ft tank of water with a Po-Be 
neutron source and 2 tons of uranium rods is scheduled 
for September installation at New York University’s 
campus in the Bronx. To be tested at Brookhaven Na 
tional Laboratory, the unit will develop a neutron flux 
of 10°/em’/sec and will be used in the school’s new 
master of nuclear engineering curriculum 
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ide its first delivery to the French Found 5 years 
AEC Dee 14. This shipm« nt, 
valued at $10,000, provided 3 tons 
With the first ship towards the 15 contracted. zille 

Proven reserves of the initial de by a company formed by tl 
posit being worked are 70 tons; : 
however potential deposits cover 
Aerial surveys are being 


conducted in an attempt to find the 


uranium deposit 


igo and believed t 
be the largest deposit in France, the 
250-meter-thick seam at La Crou 


vill be commercially exploit | 


Limoges Chamber of Commerce. 


ARGENTINA: fixes 5-yr uranium 
price schedule. With the National 
Atomic Energy Board as sole buyer 
the government has set prices for 
ore containing a minimum of 0.20% 


FRANCE; plans exploiting large U,O, as: 280 pesos/kilo U.Os per ton 
near Limoges. 





of ore plus 100 pesos kilo U:O; ex 


Fuel future crystal-balled at Forum session. Last 
month’s meeting of the Atomic Industrial Forum in 
cluded estimates of trends in reactor fuels over the next 
decade (for more on over-all trends, see p. 80). 

A. Stewart of National Lead Co. sees that in the future 
40% of feed to fuel processing plants will be scrap, a 
percentage similar to that in other industries; 99.8+% 
concentrate may be produced in the mills by use of 
solvent extraction techniques. He feels that more than 
10 new mills (costing more than $15-million) may be 
needed to fill needs of the nuc lear power industry. 

In evaluating fuel element fabrication business, Carroll 
L. Wilson of Metals & Controls Corp. estimates that for 
several years only two cores will be fabricated annually 
for the highly enriched propulsion reactors—and most 
of this work will be done by AEC 
small yackage power reactors (ine luding the MTR) 
more than 40 cores will be furnished by industry in the 
next three years. He estimates industry will handle 
about 100-150 metric tons of partially enriched uranium 
for initially loading two or three large power reactors 


For research and 


by mid ’58 

N. A. Spector of Vitro Corp. estimates that for a given 
electrical capacity throughputs for 
aluminum alloyed fuel elements are Mord those for nat 
ural uranium unalloyed elements, and zirconium alloyed 
elements have throughputs Y%rd those of the Al ele 
ments. Cost of waste disposal for products from re 
processing Al elements runs twice as high as for the 
unalloyed with Zr element reprocessing running , Or 
t times higher than the unalloyed. Reduction of re 


reprocessing 


processing costs as reactor capacities increase indicates 
desirability of using central reprocessing facilities. For 
instance, he estimates it might cost under $20/gm of 
natural uranium to treat fuels from 3,000-Mw-capacity 
plants but it would cost up to $140/gm for a 40-Mw 
unit 

Expenditures on disposal of wastes from power re 
actors were estimated by R. A. Brightsen of Nuclea 
Science and Engineering Corp. With a 1 burnup of 
7% for a 70,000-Mw industry in 1964, about 60,000 
tons of uranium will be reprocess« d annually. If 1,000 
gal of liquid waste result from treating each ton and if it 
continues to cost about $1/gal for evaporation, semi 
permanent fixation in concrete or clay, and land burial 
then disposal will cost $60-million, or 0.4 mill/kwh for 
25% efficient reactors. Brighter picture would result 
from tenfold cost cut projected for future processes. 
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ceeding the first 4 kilos per ton. 
For less than 0.20%, price will be 
according to the individual case. 

When purchases from a given 
mining group reach 500,000 pesos, 
further purchases will be suspended 
until the Board verifies the mine’s 
resources Mine proprietors must 
furnish any information required of 
them by the Board. According to 
the new Constitution, minerals and 
natural energy resources are the 
property of the State. 


UNITED STATES: contracts for 
uranium-ore processing mill. A 

yntract for constructing and oper- 
ating the first mill outside the 
Colorado Plateau was signed by the 
AEC and Mines De velopment, Inc., 
April 28. Located at Edgemont, 
S. D., the mill will process ores of 
the Black Hills region; ore is cur- 
rently stockpiled at Edgemont. This 
brings to 10 the number of mills 
processing domestic ore. 

New lithium-chemical manufac- 
turer formed. American Potash & 
Chemical Corp. and Bikita Minerals 
(Private) Ltd. have formed Ameri- 
can Lithium Chemicals, Inc., to 
manufacture chemicals from the 
Southern Rhodesian lepidolite de- 
posits, described as the largest 
known lithium deposits in the world. 
The new company’s $6,600,000 
plant is located near San Antonio, 
Texas 

Reactor suggested for oil-shale 
reduction. sy piping reactor-heated 
gas or liquid metal into oil shale, 
Clarence I. Justheim, Salt Lake City 
oil man. believes the shale can be 
melted and pumped to the surface. 
He has applied for a patent. 

Uranium production hits stride. 
Since the AEC domestic uranium 
program got under way in 1948, 
U.S. private uranium activities have 
expal led to about $100,000,000 per 
year, says Jesse Johnson, director of 
AEC’s division of raw materials. In 
the past two years, three Canadian 
uranium projects have been privately 
financed with $70,000,000, in addi- 
tion to other government and private 
projects. South African mill invest- 
ment will be about $180,000,000 
upon completion of the present 
program. Australia and Portugal 
present major expansion possibilities. 
A Canadian estimation is that by 
1957 Canada will be producing 
nearly $200,000,000 worth of uran- 
ium a year, the U i. $80,000,000, 
South Africa, $100,000,000, and the 
Belgian Congo and Australia, $60,- 
000,000 each. 
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Industrial Applications 


Radioisotopes trace liquid carry-over in solid-liquid separation. 
lo determine the amount of liquid left in solids following phase- 
separation operations, a radiotracer can be added to the liquid. 
This technique also can be used to find the packing fraction of solid 
particles. Packing fraction is difficult to calculate unless the parti- 
cles are uniformly sized and shaped. R. A. Sullivan of National 
Dairy Research Laboratories uses iodine-131 labeled human serum 
albumin to trace entrainment when milk is separated in an ultra- 
centrifuge. Requirement for the tracer is that it not react with o1 
penetrate the solid 


Neutron activation measures silver-plate thickness to 5% in 5 min- 
utes. Using the 2,500 neutrons/cm’/sec from a 200-mg¢g Ra-Be 
source to form radioisotopes of silver, and a special G-M tube to 
count the activity formed, silver coatings are measured to 0.00005 
in. Ag is 0.1-l-mil thick, forming a conductive coating inside 
50-mil thick brass wave-guide tubes. Method works despite for 
mation of Cu and Zn radioisotopes because Ag has a larger cross 
section, decays faster, and is not subject to self-absorption, Actual 
ratio of silver/brass count is 7.5, and brass count is subtracted as 
constant background, Irradiation and counting periods are 2.5 
min each. Only 15 sec is allowed between the two, as the Ag 
isotopes have 24 and 140 sec half-lives. This nondestructive test 
was devised by H. V. Watts, C. A. Stone and L. Reiffel of Armour 
Research Foundation. 


Quick test for mold erosion allows lower molding costs. Abrasive 
effects of plastics on metal molds are being determined in a 30 
minute test by the General Electric Co. phenolic engineering lab 
oratory. Worn molds cause costly shutdowns in producing molded 
plastics. The previous testing method took 3 weeks per test, was 
not positively reproducible, and testing costs were much higher. 
The present method determines 0.5 x 10°% metal in plastic. Pro 
cedure is to use a standard transfer-molding machine with the sprue 
bushing (through which plastic flows) made radioactive by neutron 
bombardment. As plastic flows through bushing it crodes metal; 
counting radioactivity of molded part determines how much ero 
sion has taken place. Testing is done by running a comparative 
test against a standard compound each time, thus automatically cor 
recting for decay of activity of bushing and metal inside plastic 
Activation of the steel bushing is done at the Brookhaven reactor 


Pre-smoke fire detector depends on radium ion source. An im- 
proved fire detector now on the market operates on the low mo- 
bility of combustion-gas ions compared to air ions. The molecules 
are ionized by alpha particles from a small amount (probably less 
than 1 mg) of radium. When the air ions enter the detector’s col 
lection chamber they produce about 3 x 10° amp. But heavy 
combustion particles move slower and are almost all neutralized 
before reaching the electrodes. This means that current drops 
sharply if a fire starts. A second ionization chamber inaccessible to 
room air serves as a standard current source. Pyrene-C-O-Two, 
who market the detector, claims that its cost would be lower than 
a comparable smoke-detection system in a large installation. 
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News in Brief 


Cosmotron resumes operation. After a 5-month repair 
and overhaul job, the Brookhaven National Laboratory 
machine is at its full 3-Bev energy and accelerating 
about three times the number of particles it did before 
shutdown (NU, Dec. ’54, p. 6). The schedule is from 


16 to 24 hr/day, 5 days/week 


Norwegian isotope production doubled in ‘54. Isotopes 
produced at the Institute for Atomic Research, Kjeller 
a total production figure is not reported—were used 
in Norway, the Netherlands, Denmark, and Sweden. 


Japanese survey team recommends acceptance of U. S. 
aid. Report submitted to Japanese government by group 
that tourned around globe to see atomic facilities 
recommends that aid be accepted only if it does not 
involve undue secrecy or hinder independent research. 
Tokyo expects U. S. offer to involve as much as 220 lb 
of uranium. 


AEC invites governor's representatives to discuss licensee 
health and safety regulation. At a meeting this month 
with state officials, AEC will solicit suggestions on 
regulations in preparation to protect the operators and 
the public in amen use of source, special nuclear, 
and byproduct materials. These regulations are in ad- 
dition to those published April 12 on licensing and 
security (NU, May "5, p. 12). 


US Chamber of Commerce recommends less security 
restriction of nuclear data. The policy adopted at the 
43rd annual meeting calls for AEC to measure de- 
classification against a yardstick of industrial progress; to 
wovide licenses and materials on a long-term, broader 
yasis; and to end compulsory licensing of patents. The 
Chamber also says that the federal government should 
not compete with private atomic power 


Zirconium price reduced up to 40% by Carborundum 
Metals Co. Reductions per pound are: from $22 to 
$14.40 for 500 Ib and over of commercial-grade ingots; 
from $22 to $14 for low-hafnium sponge; and from $33 
to $23.04 for low-hafnium ingot. 


AEC awards 68 life science and physical research con- 
tracts. Included are 10 life science and 5 physical new- 
project awards, plus 25 life science and 28 physical re- 
search contract renewals. 


Army studies nutritional value of fission-product-irradi- 
ated foods. Nine volunteers finally started on a diet of 
13 irradiated foods at the Medical Nutrition Laboratory, 
Fitzsimons Army Hospital, near Denver, May 9. The 
foods are processed by AEC at Idaho Falls and flown to 
Denver. 


Navy revises atomic submarine program. Next year’s 
construction program is being stepped up from 8 to 4 
nuclear-powered submarines, with conventional sub- 
marine construction cut from 5 to 4. Eight atomic sub- 
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marines are now planned, including the Nautilus. The 
Sea Wolf will be launched in July. 


Chile plans Center of Nuclear Studies. The center is 
being created under the auspices of several universities, 
the Chemical Engineers Institute, and the Chilean 
Chemical Society. 


Bell Telephone Laboratories plans accelerator studies. 
Using a 1-Mev Van de Graaff machine purchased from 
High Voltage Engineering Corp., W. L. Brown and 
R, C, Fletcher will direct a program including electron 
bombardment of solids. 


Ninety-eight colleges surveyed have 234 on staffs with 
nuclear engineering experience. These break down by 
department, reports C. E. Dryden, Ohio State Uni 
versity, as: civil, 26; chemical, 80; electrical, 50; 
mechanical, 43; metallurgical, 35. 


Nuclear power liabilities exceed private insurance mar- 
ket capacity. Although the casualty insurance industry 
is prepared to insure private users of nonfissionable radio 
active materials, Joseph H. Forest, vice president of 
Liberty Mutual Insurance Co., said that it cannot at 
present handle the power industry liabilities—the latter 
are in the range $100,000,000—250,000,000. Smaller 
operators, e.g., of research reactors, will have to “reach a 
compromise between what they would like to have and 
what they can afford.” A joint insurance industry-AEC 
committee report is due this month. 


Union Carbide building Cleveland lab. The company’s 
new National Carbon Division will develop materials for 
the nuclear and electronic fields. 


Austrian industry finds extensive radioisotope applica- 
tions. Austrian radioisotope use has expanded from 
23,000 me in 1952 to 54,000 me in 1954, with industry 
the biggest user by far. Almost every steel] mill, nitro- 
gen and construction works, and paper, textile, plastic, 
and rubber industries are becoming large users. 


Utilities to discuss nuclear energy. The National As- 
sociation of Railroad and Utilities Commissioners will 
conduct a panel discussion covering nuclear power, 
regulatory problems, and health, safety, and legal aspects 
at its annual convention at Asheville, N. C., Oct. 24—27. 
The 6-man panel will include utilities and one AEC 
member. 


Nuclear chemistry conference to be held June 27-July 1. 
This year's Gordon Research Conference, to be con- 
ducted at Meriden, N. H., will cover theoretical aspects; 
low-energy, high-energy, and heavy-ion nuclear re- 
actions; nuclear fission; neutrino experiments; posi- 
tronium; and radiochemical separations. Those in- 
terested in attending, contact the chairman Anthony 
Turkevich, Institute for Nuclear Studies, University of 
Chicago, Chicago 37, Til. 


Texas will create state advisory committee on atomic 
energy. Gov. Shivers wants advice on effect on trans 
portation, city planning, power, and communications. 


June, 1955 - NUCLEONICS 








INSTRUMENTS 
OF THE CONSOLIDATED VULTEE AIRCRAFT 


PIONEERS 


Reactor Controls, Paneling, and Console, 
Delivered to Oak Ridge National Laboratories 


WESTINGHOUSE AUTOMATIC ENERGY D\y. 


ual t Zz ; ‘5 
uni Vie 5 


(EEOS & NORTHRUP 
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NOW AVAILABLE 
FOR ALL The first nuclear reactor controls built by a non- 


AEC facility were supplied by Radiation Counter Laboratories, 
Inc. While continuing to fill these requirements of AEC, we have 
increased production to furnish reactor controls for other nuclear 
pioneers—-some of whom are shown on this page. 

With research and development now costing approximately three 
thousand dollars per month per man, your investment in quality- 
built control instruments is rapidly repaid through the saving of 
time. In addition to its standard models, RCL offers special instru- 
ments made to your specifications. The counsel of our research 
staff is available for any nuclear instrumentation problems you may 

Write for Catalog No. 17 have. 
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Achievement in Efficiency and Economy! 


MORIAL MODEL “CORAY” CO" IRRADIATOR? 


for Therapy e« Industry ¢ Research 


Engineered by BAR-RAY 
with U. S. ATOMIC ENERGY COMMISSION 


tal 


a a 
a1 a 


1,000 Cunies for 
Memorial Hosjntal 
New York City 








FEATURES: 


Floor, wall or ceiling mounted e Wide range of cone fields available National Bureau of Standards new 
Remote automatic operation or to e Larger fields at shorter focal distance Handbook 54 and Atomic Energy 


suit special requirements e Dosigned for standard AEC source Commission 


Precision machined capsule e Economically priced between $3,000 


Designed for continuous use e Meets ail safety requirements of and $12,000. 


A complete range of Cobalt® Irradiators for therapy, industry and 
research are available in six basic models from 250 to 1,000 curies. 





CORNING RADIATION BABCOCK & WILCOX flexible PLASTIC CASSETTE 
SHIELDING GLASS and PLASTIC BACKED LEAD SCREENS 
Bar-Ray is distributor for 3.3 density, non-browning, Bar-Ray is manufacturing licensee. Of heavy duty 
and 6,3 density lead glass to hospitals, doctors and construction; 100% lightproof; accommodates films 
industry. and screens in all sizes; special sizes to order. 

















SOLD THROUGH YOUR DEALER SEND FOR LATEST 1955 CATALOG 


BAR-RAY PRODUCTS, INC. 


217—25th STREET, BROOKLYN 32, N. Y. Telephone: SOuth 8-1022 
European Representative: Mr. C. E. Ferrero, 12 Via Po, Rome, Italy 


Stainless Steel Processing Systems @ Isotope Fume Hoods and tobs @ Film Transfer Cabinets @ Thermostatic Valve Assemblies 


lead Lined Chests and Sofes e Archer lead Glass Gowns . Lead Protective Screens ie lead insulated Hoods 
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Power Reactor Packages 





Patterson Moos Division 


OF 


Universal Winding Company, Ine. 





Design, Development and Construction 


Dr. Cecil B. Ellis, Director of 
Nuclear Engineering 


90-28 VAN WYCK EXPRESSWAY 
We are always glad to talk with additional experienced 
JAMAICA 18, NEW YORK CITY reactor people who might wish to join ovr team 
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... from design 
through development 
to construction 


One of the first industrial concerns to enter the highly 
specialized field of atomic research and development 
—with many of its engineers having experience dating 
back to the beginnings of the Manhattan Project 
—AMF has played a major part in many important 
and successful nuclear projects. 


And its activities today are devoted not only to the 
completion of a variety of projects already begun, 

but to the installation, expansion, and improvement of 
atomic facilities for government and industry alike. 


Seale Model of AMF’s Unitized Research Reactor 
(pool and rear shielding cut away). 
Pool-side view at left. 


AMF Atomic Engineers have made and are making 


important advances in the use of “Atoms for Peace.’ 


© te, 
AMF ATOMICS, Inc. 


A subsidiary of 
AMERICAN MACHINE 4 FOUNDRY COMPANY 


AMF Building « 261 Madison Ave., New York 16, N. Y 


AMF Research Reactor 
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Basic AMF activities in the field of 
atomic energy include: 


The development of component machinery and 
mechanisms for atomic reactors, including 
AMF’s manipulator for nuclear materials and 
general purpose robot for use in radioactive areas. 


The design and development of complete research 
reactor systems, including “heavy water’, 
“swimming pool”, “pressurized water’’, “boiling 
water”, and “gas cooled”’ types. 


An engineering conceptual design for power 
reactor plants for industrial power supply, and 
active consultation with several public utility 
groups investigating nuclear power plants. 


Research and development in the field of “applied 
nucleonics’’, including the radiation sterilization 
of foods. 


A continuing program in the field of practical 
industrial applications of radiation an example 
of which is AMF’s nucleonic “Microfeed” for 
exact control of tobacco weight per cigarette, 
already in use on “Standard”’ Cigarette Machines, 


Specific AMF projects completed or 
under contract include: 


Design and construction of special control rods 
and remote processing equipment for the 
Hanford Engineering Works of the AEC, 


Design, development, and construction of the 
complicated control, handling, and processing 
equipment for the Savannah River Facility. 


Construction of an AMF-designed “‘unitized” 
reactor of the “swimming pool” type for Battelle 


Memorial Institute, Columbus, Ohio. 


Development of reactor control and handling 
equipment for the Atomie Power Development 
Associates, Detroit, Michigan. 


Supply of complete AMF-designed ‘“‘unitized” 
control units for Oak Ridge National Laboratory. 


Design of a “pool” type, “unitized’’ New York 
Area Industrial Reactor to be sponsored jointly 
with representative firms in other leading 
industries. 
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Atomic reactor built by Westinghouse for AEC is in this land-locked submarine hull at the National Reactor Testing Station in Idaho. It went into operation May 31, 1953. 


2 FULL-SCALE ATOMIC POWE 


° ° The first full-scale nuclear power plant designed, developed 
Westinghouse built and built specifically to produce large amounts of usable 
power, was built by Westinghouse for the Atomic Energy 
Commission and the U.S. Navy. It has been operating suc- 
both of them cessfully, at the National Reactor Testing Station in Idaho, 

for almost two years. 

The second full-scale nuclear power plant designed, devel- 
oped and built specifically to produce large amounts of usable 
power, was built by Westinghouse for AEC and U. 8. Navy. 
It powers the revolutionary submarine, Nautilus, which has 
joined the fleet after dramatically successful undersea trials. 

To the United States Government and American industry, 
Westinghouse offers a unique combination . . . The most 
advanced knowledge in nuclear development plus many dec- 
ades of accomplishment in the power generation field. 
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The Nautilus, first atomic sub. It is propelled by an atomic power plant built by Westinghouse for AEC and the U. S. Navy. It went to sea January 17, 1955. 





R PLANTS NOW OPERATING § 


WESTINGHOUSE... FIRST IN ATOMIC POWER 


FIRST industry-owned reactor for testing and developing 
materials and fuels for atomic power plants . . . to be built 
by Westinghouse at Blairsville, Pa. Announced April, 1955. 


FIRST atomic engine to drive submarine went to sea 
January 17, 1955. Westinghouse now working on atomic 
engines for two additional submarines. 


FIRST atomic reactor for full-scale peacetime electrical 
generating power plant in the U. S. is now being built 


by Westinghouse for AEC; reactor to be operated by 
Duquesne Light Co., Pittsburgh, Pa., which also will build 
and operate the electric generating portion of the station. 


FIRST contract to develop atomic engine for large surface 


ship . awarded to Westinghouse, October 15, 1954. 





FIRST privately-financed factory devoted exclusively to 
building parts for atomic power plants, at Cheswick, Pa. 
Started operation December, 1953. 


FIRST substantial quantities of controlled atomic power 
produced at the National Reactor Testing Station, Idaho, 
May 31, 1953. Reactor built by Westinghouse for AEC. 


you can be SURE... 1¢ irs 


Westinghouse 


e of the Sendzimir Mills at Metals & Controls Corporation, of the type used to roll Nuclear materials.’ 


METALS & CONTROLS CORPORATION ANNOUNCES 


THIN GAUGE ROLLING 


OF NUCLEAR MATERIALS 


Since early 1952, General Plate Division of 
Metals & Controls Corporation has been roll- 
ing thin gauge Uranium foil as low as 0.0006" 
+0.0002” for use in A.E.C. programs. Nuclear 
materials have been processed for applications 
such as high power reactors, fuel elements for 
critical experiment assemblies, fuels for cross 
section work, and other experimental uses. 

Now General Plate Division is pleased to 
offer its thin gauge facilities for the fabrication 
of Uranium foil for other authorized projects. 
Shapes such as squares, sheets, strips, circles, 
or tubing either bare or clad to other metals or 
plastics can be fabricated. 

Large quantities of enriched and natural 
Uranium have been successfully handled with 
due regard to health, safety, and security 
problems. Thorium and other r-etals of interest 
in the nuclear reactor field have been rolled to 
thin gauges also. 


General Plate thin gauge foil can be sup- 
plied promptly to meet the requirements of 
reactor designers. In addition, complete facil- 
ities and equipment for arc and induction 
melting, rolling, extrusion, and other related 
equipment are available for the fabrication 
of many different shapes and sizes of nuclear 
materials other than foil. 

Make use of General Plate’s 3 years of ex- 
perience in rolling thin gauge Uranium foil 
and other reactor materials. Write for booklet 
‘Fuel Element Fabrication Facility.’’ 


You can profit by using 
General Plate Composite Metals ! 


METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 
136 FOREST STREET, ATTLEBORO, MASS. 


June, 1955 - NUCLEONICS 

















Tracerlab. Se 


30 HIGH STREET, BOSTON 10, MASS 
2030 WRIGHT AVE, RICHMOND 3, CAL 


Tracerlab's versatile P-20A 
Scintillation Detector can 
be adapted for all count- 
ing requirements through 
use of a variety of crystals 


and associated equipment. 


Rooklet 66 sent on request 
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One of Combustion’s two plants at Chatta- 
nooga, Tenn., showing artist's renditions of 
new facilities now being built: (A) Nuclear 
Building; and (B) Wharf for water ship- 
ment of large nuclear power components. 


(Rete) ai, [cme ge) 


OUT 


ATOMIC FUTURE 


er plant 
marine, 


To: ail 4 Part of the nuclear pow 
f 


the sub 
Sea Wolf, in 
process of 
in C-E shops 
workmanship 


manufacture 
Precision 
is critical 


Cleanliness approach- > 
ing good hospital prac 
tice is essential in the 
manufacture of nuclear 
reactor components 


Because Combustion took a long hard look at its 
atomic future years ago, today it is well along in 
its program for keeping abreast of nuclear power 
progress, And we intend to stay abreast of this 
progress for the very good reason that power is our 
business, whether its heat source is fossil, atomic 
or even solar energy 

How soon nuclear fuel will become economicalls 
competitive with fossil fuels has been only one 
factor in our planning which, from the start, has 
reflected the view that atomic power was here to 
stay... . that it would be of growing importance 
in our future .. . and that our chief concern should 
be “how” rather than “when 


Where does Combustion stand today? 


In the past year, we've nearly doubled the technical staff of 
our Nuclear Power Division, and we expect to maintain this 
rate of growth for some time to come 

Presently, we are building the huge reactor vessel for the 
covidry’s first commercial-size nuclear power station the 
AEC-Duquesne Light plant at Shippingport, Pa. Last year we 


completed manufacture of nuclear components for the proto- 
type of the submarine, Sea Wolf, and we are now well along 
with the manufacture of this equipment as well as a set of 
boilers for the Sea Wolf itself 

We have begun construction of a new building at our 
Chattanooga plant (see upper picture caption) to house 
special facilities for nuclear work. Already on the site is a 
15,000,000 volt betatron for fast X-raying of thick plate and 
welds. We are also building a wharf on our Tennessee River 
frontage which will be equipped to handle reactor vessels 
weighing several hundred tons, permitting water shipment of 
vessels too heavy for rail or highway. This program is sched- 
uled for completion early next year 

Our already extensive research and development program 
has recently been augmented by an agreement with the AEC 
covering design and evaluation studies of large reactors for 
power stations, small reactors for special application, design 
of reactor fuel elements and development of fuel element 
fabrication processes 

* * * 


Thus is Combustion preparing itself to participate 
significantly in the challenging task of applying 


nuclear fission to the power needs of the future. 
t 


COMBUSTION ENGINEERING 


Combustion Engineering Building * 200 Madison Avenue, New York 16, N. Y 


BOILER, FUEL BURNING & RELATED EQUIPMENT, PULVERIZERS, AIR SEPARATORS AND FLASH DRYING SYSTEMS, PRESSURE VESSELS; AUTOMATIC WATER HEATERS; SOIL PIPE 
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HOW MUCH VACUUM DO YOU NEED? 


There’s no economy in buying the wrong size 
vacuum pump. That’s why Kinney has developed such 
a broad range of mechanical high vacuum pumps . . . 
more models, capacities, and types than any other 
line on the market. 

For full information on Kinney Single Stage, Com- 
pound, and Mechanical Booster Vacuum Pumps, write 


today for Bulletin V-54 . . 
process problems. 

Kinney District Offices in Boston, New York, Phila- 
delphia, Cleveland, Chicago, and Los Angeles are 
all competently staffed to discuss vacuum with you. 
Los Angeles office carries complete stock and has full 
service facilities. 


. or tell us about your 





Send ov Bulla. V54 


KI Py N EY MFG. DIVISION 


THE NEW YORK AIR BRAKE oartit (hy) 
3614 WASHINGTON STREET + BOSTON 30+ MASS. 
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We are prepared to engineer, design, fabricate 
and deliver any specific device for any specific 
shielding problem. We have a staff of physicists 
and engineers ready to serve you. 
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AMERAY PRODUCTS: 
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* Lead storage and shipping containers for 
isotopes + Lead-lined transfer casks + Lead 
bricks, standard and interlocking + Lead-lined 
storage cabinets and shelving + Lead glass 
viewing windows + Zinc Bromide viewing 
windows + Lead castings, all sizes and shapes, util ul 
without voids + Lead screens + Lead-lined 5 eee sae «ed 
doors « Sheet lead + Cobalt 60 irradiation units spscInc seumpese 108 
for industry + Lead protection for radiation 

processing installations — both machine and 

fission product source irradiation. 
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For more 
information 


an, ; A 
® ZINC BROMIDE WINDOW 


NUCLEAR DEPARTMENT 


AMERAY CORPORATION 


ROUTE 46, KENVIL, N. J. 
TELEPHONE DOVER 6-4100 
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I. the Atomic Age, industry is in a race 
with time. Fully experienced and trained 
organizations are needed to deal effec- 
tively with the technological barriers of 
this new era, 


rs oe 


VITRO, pioneer company in atomic 
energy, is such an organization. It is now 
the first company to offer a complete range 
of capabilities in that field—from original 
research and process development through 
the mining, milling and recovery of ura- 
nium to the finished design, engineering 
and operation of completed nuclear facili- 
separation 


ties, including laboratories, 


plants, production facilities and reactors. 


As a result of its diversified experience, 
VITRO is currently engaged in many 
important projects in the various fields of 
the Atomic Age. Recently, for example, 
VITRO has become nuclear consultant to 
Consolidated Edison on its full-scale re- 
actor to furnish electric power to Greater 
New York. It is currently studying nuclear 
fuels and processing problems for the 
AEC. For the Navy, VITRO recently 
developed an important new method of 
predicting the reliability 
equipment. 


2 2 


The talents that led to these assignments 


of electronic 


are available to industry, Use them when 


you look to the future. 


VITRO makes tomorrow’s technology available today 


{4 TD <o 82 oreo of AMERICA 
261 Madison Avenue, New York 16, New York 
DIVISIONS 


VITRO MANUFACTURING COMPANY makes ceramic colors and pigments and related chemical products 

VITRO URANIUM COMPANY processes uranium ores on the Colorado Plateau for the Atomic Energy Commission 
VITRO RARE METALS COMPANY refines and recovers rare metals and processes uranium materials 

VITRO LABORATORIES conducts chemical and physical research and develops processes and systems 

VITRO ENGINEERING DIVISION designs and engineers processing and technical facilities and manages construction 


SUBSIDIARY 


VITRO MINERALS CORPORATION, owned jointly with Rochester & Pittsburgh Coal Co., explores and mines uranium ores 
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Creep tests under way in Inco’s Research 
Laboratory. Here specimens of heat- 


resisting alloys are held under constant 
load at temperatures up to 2100°F. 


Is high-temperature performance 
your problem? 


Inconel may be the answer... 


If you are looking for an alloy to withstand high tem- 
peratures and certain corrosive environments for long 
periods without excessive deterioration, Inconel may be 
just what you need. 

Inconel is a wrought nickel-chromium-iron alloy with 
high creep strength and stress-rupture strength. It re- 
tains useful properties in many services at temperatures 
up to 2100°F. It is not subject to growth at elevated 
temperatures. It is also used in many applications 
where satisfactory resistance to thermal shock is 
necessary due to repeated cye ling between high and 
low temperatures. 

Inconel is structurally stable and has exceptional 
resistance to corrosion and oxidation 

The alloy is easily formed, machined and welded, 
and is available in all commercial wrought forms. It 
finds many important applications in chemical plants, 


atomic energy plants, and in the petrochemical, heat 
treating and aeronautical industries where a combina- 
tion of good mechanical properties and resistance to 
high-temperature corrosion is necessary. 

Complete information as to properties, fabrication 
and forms of this alloy is contained in Inco’s 24-page 
Technical Bulletin T-7 Properties of 

Inconel.” It is yours for the asking. 


l-ngineering 


Remember, too, that ready help on your high- 
temperature equipment problems can be obtained 
without cost or obligation from Inco’s Technical 
Service Section. Just write, stating full details. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street New York 5, N. Y. 


. 
INCO. Nickel Alloys 


TEAGE mate 


. «for long life at high temperatures 
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High Density 
Metal 


In counterweights, high inertia rotors and radio- 
active shielding, the unique properties of Mallory 
1000 Metal offer exceptional opportunities for 
product improvement. To help designers in the 
use of this unusual metal, Mallory has compiled 
all current technical data on characteristics and 
applications into the latest edition of the Technical 
Bulletin on this subject. 


Its 12 pages are full of information never pre- 
viously published in a single catalog. Presented 
in convenient tabular and graphic form are exten- 
sive data accumulated by Mallory’s own research 
and by organizations who are now applying this ver- 
satile material. Among the subjects covered are— 


A complete listing of physical properties 


Properties at elevated temperatures... 
expansion, fatigue, tensile properties 


Radiation shielding data ...tenth layer 
thickness up to 10 Mev, absorption for 
various isotope radiation 

Permissible rotation speeds of rotor rings 


Completing the publication is a discussion of the 
excellent corrosion resistance of Mallory 1000, 
and recommendations for machining and joining. 
Altogether, the Bulletin constitutes a valuable 
reference on a meta! that you will be able to apply 
advantageously in many different products. Write 
to Ma!lory for a copy today. 


USE MALLORY 1000 METAL FOR — 
STABLE ROTORS 


CAG (@ CH) 
COR . i 


Expect more...Get more from 


COMPACT COUNTERWEIGHTS EFFICIENT RADIATION SHIELDING 


In Canada made and sold by Johnson Matthey & Mallory, Lid.. 


110 Industry Street, Toronto 15, Ontario 





Serving Industry with These Products: 


Electromechanical—Resistors © Switches © Television Tuners * Vibrators 
Electrochemical—Capacitors © Rectifiers © Mercury Batteries 
Metallurgical— Contacts © Special Metals and Ceramics © Welding Materials 


For information on titanium developments, contact Mallory-Sheron Titanium Corp., Niles, Ohie 
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(96) Nuclear Radiation Instruments 


SELF CHARGING, the G-E monitor does not 
require any batteries, tubes, or external power 


supply. To charge, simply invert 


The action 


of the mercury pellet sliding down the glass 
tube generates the electrostatic charge. When 


radiation is present, the air inside the her 


metically sealed, plexiglass container becomes 
ionized. This causes the electrostatic system 


to discharge, actuating the pointer 


DESIGNED FOR LONG LIFE, the gold-fibre 
suspension of the pointer is shock-mounted 
on a leaf spring. The suspension material 
and mounting assure great mechanical 
strength without sacrificing sensitivity. 


TO INTEGRATE RADIATION DOSAGE... 


MOISTURE PROOF CONSTRUCTION of the 
G-E monitor assures excellent repeata- 
bility and high accuracy. All components 
are enclosed in a plexiglass cylinder that 
is easy to keep clean and decontaminate, 
if necessary. 


Low-cost G-E Radiation Monitor 
Now Available in Three Ranges 


Two new ranges make the General Elec 
tric radiation monitor a more versatile 
device for integrating dosage wherever 
x-ray 
Three ranges are now available 
0-60, and 0-300 milliroentgens 


or gamma radiation is present 


0-20, 


INEXPENSIVE PROTECTION in 
labs, x-ray control rooms, and particle 


isotope 


accelerator areas is provided by the G-E 
monitor. It costs only $54.60. * 


EASY TO USE, the monitor will maintain 
a continuous check of the radiation in a 
working area, thus warning workers when 


the tolerance level is exceeded. The device 
is direct reading and essentially inde- 
pendent of radiation energy over a wide 
range. Accuracy is within 10 per cent 


of full scale. 


VIRTUALLY NO MAINTENANCE is needed 
because of the radiation monitor’s simple, 


sturdy construction. 


FOR MORE INFORMATION, contact your 
nearest G-E Apparatus Sales Office or 
send in the handy coupon for a descriptive 


bulletin. 


* Manufacturer's suggested retail price 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


SEND FOR 
FREE BULLETIN... 


GENERAL ELECTRIC COMPANY 
Section A585-22 
Schenectady 5, N. Y. 


Please send me a copy of bulletin GEC-838 
on the rediation monitor. 


COMPANY 
STREET 


ZONE STATE 








HOMOGENEOUS REACTOR TEST will use zirco- 
nium-alloy core tank seen between halves of 
pressure vessel to be sealed by girth weld. 
Core solution will enter at bottom center, exit 
through expansion bellows and nozzle at top 
center. Blanket fluid will enter via side nozzle 
and leave through side nozzles on top 


ngineering and 
onstruction of 
uclear Power Plants 


Construction picture above shows the core of HRT-1, a prototype 
power reactor scheduled to operate initially at 5 Mw in 1956. 
Rather than being primarily a nuclear experiment like its prede- 
cessor, HRE, it is to determine long-term reliability and ease of 
underwater maintenance. 

Typical of reactor construction at the present time, this develop- 
ment model is being built by industry (Newport News Shipbuilding 
and Dry Dock) for operation by a contractor (Union Carbide and 

Carbon) at a government installation (Atomic Energy Commission’s 
Oak Ridge National Laboratory). ORNL designed the reactor. 

Surging industrial interest in nuclear power plants is changing 
The expansion and diffusion of effort requires prac- 
This special report 


this pattern. 
tical data on engineering and construction. 
brings together a big piece of the needed information and suggests 
both general and specific problems and solutions. 
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Plant Layout... page 42 
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% 
Water $ pplies. 
for Reactors .... page 46 


Control-Rod 
Mechanisms.... page 48 


How to Load Solid- 
Fuel Reactors... page 52 


Designing and Building 
Shields . sae oe POD 56 


. 


Reactor = 


Vessels....; ‘as | page 66 


Core : 
Construction... page 70 


Site Selection and Plant Layout 


ALL TYPES OF POWEI 
common plant layout 
problems as well as ha 


lems peculiar to eacl 
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economic limits, oper 
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Here's how to go about choosing a site for a nuclear 
power plant—and how to place the components. Safety 
and waste disposal provisions are major considerations 
in both operations. Layout variations are given for six 


types of reactors 


By S. M. STOLLER, Vitro ¢ 
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FIG. | Coal-fired plant has a well-integrated layout for storing, handling, 


and preparing the fuel that ends up at the boiler building Since a large 


quantity of fuel is handled, the system is rather extensive 
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FIG. 2. For most nuclear plants, fuel is de 





livered ready for use Relatively small area 
is needed for handling 
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Special Layout Considerations 





Reactor type 


PRESSURIZED WATER. Fission 
heat removed from core by water 
pressurized to prevent boiling gen 


erates steam inlow-pressure boiler. 


BOILING WATER. Fission heat 


forms steam in the core. 


AQUEOUS HOMOGENEOUS. } 
Heat from aqueous solution or 
slurry of fuel and moderator circu- 
lating from core forms steam in 
boilers. Slow neutrons from core 


breed U fuel in Th blanket. 


FAST BREEDER. Heat from fission 
by fast neutrons is passed by Na 
coolant through intermediate cool- 
ant cycle} to boilers. Fast nev- 
trons escaping core breed new fuel 
Pu in blanket (U 


SODIUM GRAPHITE. Na or an 
alkali-metal eutectic takes high- 
temperature heat from graphite- 
moderated core to intermediate 


heat exchanger. 


GAS COOLED. Pressurized gas 


takes heat from fuel to boilers 


Reactor vessel 


In watertight shielded compart 
ment separate from other parts of 
system so that compartment can 
be flooded for fuel changes or 


maintenance. 


In separate shielded compartment 
either above or below grade. 
Pressure can be lower than in 
pressurized-water reactor of same 
output. 


In same compartment as auxiliary 
high-pressure equipment and main 
heat exchangers. Blanket is at 
same pressure as core so as to 


neutralize stresses on core vessel. 


In enclosed shield compartment 
separate from intermediate heat 
exchangers and steam generators. 
Atmospheric pressure satisfactory. 


In enclosed shield compartment 
separate from intermediate heat 
exchangers and steam generators. 
Atmospheric pressure satisfactory. 


High pressure and high tempera- 
ture required for efficient heat 


transfer. 
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for Six Types of Reactors 





Circuit layout 


Piping system 


Containment * 





Boiler is above reactor so natural 
circulation can occur if pumps fail. 
Boiler-turbine distance is short for 
best use of low-pressure saturated 
Since steam is not radio- 
direct-fired superheaters 
easily can be used to improve tur- 


steam. 


active, 


bine output. 


To retain pressure and prevent 
radioactive water, 
Since corrosion 
by hot water dictates use of thick 


leakage of 
minimize closures. 


stainless-steel pipes, arrange com- 
ponents to optimize piping cost 
consistent with thermal expansion 
requirements. 





Steam drums in core compartment. 
Turbine, shielded during operation 
because steam is radioactive, can 
be flushed after shutdown and 
maintained directly. 


Must provide for release of en- 


ergy 
event 


coolant in 
Con- 
tainer need include only primary 
system. 


in pressurized 


of system failure. 





Pressure is less than in primary 
circuit of pressurized water reac- 
tor of same output. Turbine is in 
same as_ reactor, 
thus piping run is minimum. 


compartment 





Heat from blanket (about 17% of 
is transferred through sepa- 
rate heat exchange system. 
Chemical separations take place in 
side stream outside primary 
container. 


total 


High-temperature system requires 
careful design of components and 
layout to prevent leaks caused by 
thermal expansion. 


Turbine must not leak radioactive 
coolant. 
include turbine, pressuretight build- 
ing such as sphere at West Milton 
seems most practical. 


Because container must 





Since extreme tightness of primary 
circuit is needed because it con- 
tains fission products, there are 
few joints, and bends are used 
rather than fittings. 


Alkali-metal coolant must not con- 
tact water in steam cycle. Steam 
high pressure, 
thus length and arrangement of 
piping from boilers to turbine is 
not as critical as in water-cooled 
types. 


is generated at 


Complicated because 
strictly mechanical failure in pri- 
mary loop releases fission prod- 
Blanket is contained also. 


even a 


ucts. 


Must be very stringent because of 
concentrated energy source, con- 
trol difficulty, and need for very 
rapid control and safety devices 
but 
low-pressure reactor eases prob- 


required with fast reactor, 


lem of containing a sudden re- 
lease of energy. 








High-temperature system requires 
careful design of components and 
layout to prevent leaks caused by 
thermal expansion. 


Must be extremely well 


limits of physical properties. ‘ 


laid 
out because: high pumping power 
is required; design is at upper 


Alkali-metal coolant must not con- 
Steam 
high pressure, 


tact water in steam cycle, 
is generated at 
thus length and arrangement of 
piping from boilers to turbine is 
not as critical as in water-cooled 
types. 


Primary circuit must be shielded 
because of 
coolant (except He) and corrosion 
products. 


induced activity in 


Low-pressure reactor eases prob- 
lem of containing a sudden release 
of energy. 


Closed-cycle system requires large 
enclosures to contain turbine and 
large reactor; sphere seems most 
practical shape. 
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Water Supplies for Reactors 


Here's how requirements for processing Pelmery eactent 
water for condenser cooling, boiler feed, [ Y 
and reactor cooling vary. Although re- 
actor-cooling water must be of the 
highest purity, water for other circuits 


also requires careful treatment 





Turbine 


Reoctor Boiler 


Condenser | 


Pump 
Pump ’ 


Radioactive =< ™ Non- radioactive 








FIG. 1. Typical nuclear 
coolant system normally is the only one that becomes radioactive. 
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Gieneral Electric Compe 


UNTERMYER 


hey 
Steam cycle and condenser cycle usually are not radioactive 
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prerequisite for any 
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‘ tivity is maintained 

00.000 ohm/em, and total 

ept below 10 ppm When 

ers ure used Corrosion bs 

ering the oxygen con- 

y hydrogen With 

t tee| boilers, chloride ton con 
ent st be minimized 


these requirements water 


nts is bled continuousls 
ium cooled below 
oor? | t n be filtered and deton 
t is reheated to the operating 
f t ( the stem , 4.95 


Reactor Cooling Water 


radioactive when it 


‘ ‘ 


i reactor’s neutron 


é Phi lioactivity is due to: (a 
t t ed products of neutron 
gen, and (b) activation 

the present in the water 

() | ietivity causes water 
ig i reactor to remain 

etive for about 5 min- 

t heavy shielding is required 
eat ¢ hangers and coolant 

tment of water for the primary 
te iust meet all the usual 

for boiler water In 

FIG. 2 (right). Demineralizer in bypass 
stream from main coolant circuit purifies 
wate Unit handles intensely radioactive 
products. Since ion-exchange resins cannot 


operate at high temperature, water must be 


oled before passing throughdemineralizer 


oe 
FIG. 3 (below) Demineralizer in a contin- 
yous makeup stream purifies water. Unit 
handles nonradioactive materials. But ra- 


rs 


Jioactive water is bled continuously, and a 


retention basin is needed to permit decay 
of radioactivity before returning water to 


- 








iddition, those purities that might 
must be 


| se of 


result in residua ulioactivit' 


reduced to a bare minimum 


high-purity water reduces maintenance 
problems with primary-coolant pumps 
itions 


cobalt 


piping, and heat exchangers ( 


of such materials as manganese 


or sodium must be removed because 
they produce energetic gamma rays 
As a result of these stringent purity 
requirements, the quality of primary 
cooling water is maintained by con 
tinuous operation of an ion-exchange 


and filter system inged as shown in 
either Fig. 2 or 3 

Repurification rate. One of the 
most important iriables to be estab 


lished in the design of a water purifica 


tion plant is the repurification rate 
experience indicate that the 
bulk of the radioactive 


moved during passage of water through 


great 
material is re- 
an ion exchanger Such units vary in 
the sys- 


to 


rom & capactt to 
to 


S1Ze purify 


tem in one week up t capacity 


stem in one hour 


should be 


clean up the entire 


} } 


An economic balance 
achieved 

There are three general classes of 
radioactive ontaminant a) corro 
sion products, (b) fission products, and 


¢) water impurith lor fission prod 


ucts and corrosion products from fuel 
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cladding or tank walls, the radioactiy 
itv developed by corrosion products 
varies inversely with purification rate 
But radioactivity of isotopes dissolved 
in the coolant entering the reactor 
varies inversely with the square of the 


purification rate 
Mixed- or 
Both mixed-bed 


inion-cation-resin beds have 


beds. 


separate 


separate-resin 
resins and 
been used 
under re 


Simpl ity of regeneration 


mote control conditions favors use of 
In 
be advantageous to discard used ioni 
In this 


used as a 


separate beds many cases it may 


without regeneration 


the 


way lon resitis ire 


means of radioactive material 


storing 
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ith solid form Sine Aomne me Ins can 
absorb up to 2 lb of tons per cubs 
foot, this method of storing radioaetiy 
ity often may be more economical than 
torage of the liquid wastes resulting 


from the regeneration of the resin beds 


Mixed bed resith 


regeneration is not used, a 


rred when 


ed bed 


are pret 
mil 
produce the highest-quality iter 
the 


by the 


since racdioactivit is concen 


trated monitors 


baotiie resiti 


curate 


located neat demineralizer nor 


ind early indica 


mally yive 


tions of fuel-element failures or unusual 


corrosion 


Distillation. Unlike ion exchanger 


evaporative still can economicall 


handle accumulated radionctivit in 


contaminated water and can 


grossly 


concentrate the impurities into a small 


Distillation ts most usetul for 


olume 


cleanup of a badly contaminated water 


After completed 


cle 


“ystem 


miup 





eon 







ionic resins maintain purit more 
veniently and at lower cost 
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Control-Rod Mechanisms 


Here's how to design reactor control-rod 


drives including motors, position monitors, 


drive mechanisms, and quick return for 


safety. 


Four examples typical of actual 


reactors are illustrated and discussed 


By J. M. HARRER 
trgonne National 1 
Lemont, Illino 


Rops composed ot tissionatbl reflect 


ing, or neutron-absorbing materi 

used to control the reactivit 

power reactors (1). These 

be positioned accurately to 

level, they must move at a 

to change power-level, and 

have provision for rapid activ 

down the reactor if i 

Drive mechanisms for t) 

rods are the subjeet of thi 
Drive design is strong 

the reactor type for whi 

rod is intended hor 

reactors cannot use the mH 

rod that is used in Arg 

heavy-water-moderated re 

tor father linear-motio 

rods are required hor 

water reactors the contre 

proper weigh 50-100 lb: wit 

included the weight 00-300 

Ambient temperature ina é 

are 400-500° F and 300 2.000 

and drive-rod seals are require 

drive mechanism is to be locate 


side the pressure container 
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| 
hand liqguid metal-cooled reac 
have a simpler sealing problem 


ually helium gas at slight! ibov 


te pine ri 
er the liquid-metal coolant 
if \¢ igh -veral hundred pound 


reflector control is used 


Drive Specifications 


hour general drive specification 
eflect the underlying reactor-cor 
juirements are 

1. Speed. Thi 


e the rod in a direction o 


mech inl 


rease of reactivity at 
it po ition im the 
most effective 


s per second Cn 


eore length In inet 


deffectiveness in 6k, / 
reflects the rod eftect 
perating point a8 compa 


we effect Lacking 


a 
but rods 


pressure 8 maintaine 





Drive for Rotating 
Control Rod 


ADVANTAGES: Continuous application of 
return force from both gravity and spring, 
position indication by both synchro and 
limit switches, and no time lost resetting 
before motor can re-engage 





Geared motor 











Rotating neutron-absorbing rod attached to 
this drive rests diagonally between core 
elements and is removed by pivoting up 
ward to a horizontal position above core 
Rotating lead screw draws ball nut up- 
ward, raising rod arm and compressing 
fast-return spring. Motor rating is 40- 
in.-|b torque at 9 watts d-c. In typical 
installation motor gear-head ratio was 
850:1, thread lead was 
tion, and fully compressed spring gave 
1,000-Ib force. Alignment is provided by 
universal joint. Synchro position trans 
mitter is attached directly to rotating shaft 


in. per revolu- 


along with a set of cams that operate limit 
switches as travel progresses. For quick 
return clutch is released in about 0.01 sec 
allowing spring to drive ball nut backword 
Quick-return time was 0.25—0.45 sec 
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The factor 


ns ser Controlled 


Te h inism 


2. Positioning. The 


ersible so that forces 








2. Solenoid-Latched 
Rotary Drive 


ADVANTAGES: Same as Fig. | except that 
afte quick several minutes 
are equired to relatch. This disad- 
vantage is minor compared to gain from 


reduction in inertia and friction 


return stroke 





Geored motor 


Ball nut and 
screw 


Fast-return 
spring 





t 


in-out 
limit switches 


Position 
transmitter 


Shaft to rotating 
control rod 


Dash pot 











Rod is solenoid latched against ball-nut 
Latch release (in about 0.025 sec) 
Since rod falls free of mecha- 
nism quick return has very little inertia or 
Solenoid developed 75 Ib to 
hold 1,000-lb force of compressed spring. 
arrangement of latch 
linkage at point where solenoid is attached 
rod-return spring act 
against solenoid and provides a release 
force even if latch spring breaks. Quick- 
ne was less than 0.17 sec. Note 
how separation of normal and fast-return 


returns rod 
friction 
out of line 


SI gnt 


makes force from 


return t 


otions eliminates need for magnetic 
clutch. Dash pot damps out motion of fast 
eturn at end of fast-return stroke. Limit 
switches indicate extremes of motion 
Position transmitter provides continuous 


indication of angle of control-rod shaft 
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iting upon the rod cannot move the 
mechanism \lotors ised 6 to) powel 
the rod drive mechanism should have 
brakes to stop the drive within 0.2 se« 
ifter the power turned off Meechan 
ical tolerances should provide position 
repeatability of 2 * 10> %6/ Repeat 


ibility in inches « ” computed from 
2] 

Repeatabilit < 10 in 
FA 

as Iq. 1 


The symbols mean the same 
3. Position indication. An essential 
part ol the drive mechanism Is a posi- 


tion pickup ‘or use with a remote post 


tion indicator ocated at the reactor 
control consol uchasasvnehro trans 
mitter and receiver pau Accuracy ol 


position indication should equal the 


position repeatabilit given above 


Limit switches or equi ilent indicators 


such as magnetic detector coils are 


required at least in the minimum-rea 


tivity position Qne or more inter 


mediate and a maximum-reactivity 


position indicator ire desirable 
4. Safetyrelease. A stored-energy 
source such iS gravit ora compressed 


spring must ut on the drive rod 
stroke that reduces re 


clutch or lateh 


throughout the 
activity \ 


magnets 


should be inserted between the drive 
mechanism and the rod which, when 
de-energized ile the rod to move 
freely under the effect of this stored 


energy source it a net iceleration not 


less than 0.9 gravit Friction in 


guide bearings and seals makes dep ne 
undesirable 


leet a 


ing entirely upon gravity 


Where rod travel j ( 


driving fores ih a i pneumatic pis 
ton is used Where appheation of a 
return force throughout full travel 1 
impractical a compressed spring, several 
inches long, ts used to give the rod an 
initial acceleration of about five time 
gravity | cn ilues obtained for 
rapid-motion rod stroke ry trom O.3 
to 0.6 se Deceleration should take 
place in not more than the last 10% of 


the rod stroke 


Design Considerations 
Mec il if ri por 


trol-rod-d ( f LTiistiis 


neipals for con 


ire the same 


is for an ne and are well known 


The basic mechanisms used to drive 
control rods are wk and pinion, lead 
crew and nut, | bearing screw jack 
and | irau or pneumats piston 





These devices fall uncer i wenern 
classification of mechanica wks ha 

ing infinitely small step \Vlechantcal 
jacks with finite steps can be used on 


Dotlinge-water 


power reactors, especia 


reactors, where the rod positioning re 
quirements given above can be relaxed 
Step movements, however hould be 


no larger than 10° sk each and prefer 
ablv '. or 's ol that 
In designing control-rod drives the 


following points should be yiven cle 


tailed consideration 
Control-rod mechanisms 


20 It 


Drive rod. 
ire installed 10 from the reactor 


neutron hielding 


pro ile 
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facilitate cooling and lubrication, and 
give mechanical clearance for other 
parts of the reactor assembly A drive 
rod is needed to connect drive mecha 


control rod in the reactor 


withstand the 


nism and 
eaore It 


developed during rapid reactivity re 


must lorce 


duction, especially the foree of deceler 


ition, Joints in this section are nece 

sary for maintenance disassembly and 
issermbl Threaded joints are desi 
ible if the joined sections can be guided 


Pinned 
The 
upport the rod in the 


t lone 


<o that they cannottw 


or flanged joints can be used 


drive rod should 


with the drive ei to make 


rem 


Joints bet 


eore 


assembly pos ible veen thi 


propel hould ly 


support ind the rod 


velded 
Mechanism travel. ‘The ultimate 
mechanical limite of the dr e mecha 


nism should allow about 1-5% greater 


travel than the pecihed rod stroke 
The exact drive-stroke mite can be set 
ifter installation tl elerence to the 
control rod position in the core | ud 
justing limit tole n the motor 
power eireust Adjustable mechanics 
Stopes at trave ’ t can be used 
piston dri es 

Mechanism spacing. Jypical 
power producing nuclea reactor re 





quire a number of contr 
typically, on 4-12-in. ces 
should be 


Hise apace 


apart lor maintenance an 


operations. Often the 
trol rods in the core 
by an engineering 
considers control-rod-d 
Mechanisms of the 
Figs 4 and 4 where 
reactors, require @ mit 
about 6 in 


that drive 


experi Ti 


pacings i 


center make maintenance 


Any type « 


hydrauln or ¢ 


Motors. 
mate 
used on a rod drive but 
apply is an électric mots 

Direct-current motor 
vantages simple peer 
armature voltage, and 
ing by shorting armat 
These motor are ope! 
field continuously ene 
switches being used in 


T hes 


rated in feed bac k eontr 


eireuit only 


cause Of the adjustable 
which, in a control syster 
to changing the gain 
nism The chief di 
brush maintenance and 
providing d-c power 
Two-phase a-c mote 
the advantage of peed ¢ 
ultable for { 
In adit 


two phase ervo moto 


espe ally 


trol scheme 


torque-to-armature-inert 


makes 


if the gear ratio betwee: 


drive is high or if a rea 


Hh Thee han il brake 


mec 


i . . - is | motor | 


rimental-reactor roe 


On pre urized powe 


‘ require larger mot 


motor ire more 
iiation for tl! 
tl ind 


ncertainthe 


thus 
t alter the 
Phree phase i-( 
torque to-inert 

cd witl two-pl ise 


olenoid 


ikes the rod driy 
Wmout motor in 
‘ er article In NUCLEO 
Position measurement 
irement 1 Oo importa 
operation that 
ind continuous p 
uuld be attached te 
it some indication 
Leathe In an eme 


et K COT portant to know at le 


piekKuy i! 


st direct meth 


l@, providing 


rectly to the 


insmitter 


Testing Control-Rod Drives 


Ne patring or reptaci 


undesirable: therefore 


lor Usually a fu 
pre ure condition 
new assembly of 


100-1 000 cycles 
operations Ob 
quick return 
mechanian 
lubricant, di 
wi operation and 
Ifler installation 
limes while faat ; 
limal switches ar 
ness on this po 


device and prope 


‘lor ha 


ver requirements are 


the relo 


heen determines 


3. Linear Drive, 
Magnetic Clutch 


ADVANTAGES: Stored-energy source in 
addition to grayity and continuous position 
synchro pair and limit 
Drive is adaptable 


indication by 
switches are provided 
to pushing rods up out of core from under 
force is then fron 


neath. Fast-return 


three sources: gravity, air pressure, and 


pressure inside reactor container No 


pressure-balancing 
then, but motor size must be increased to 


cylinder is needed 


overcome force due to container pressure 











=_— 





This linear drive uses rack and pinion. 
Motor is -hp 2-phase a-c 
clutch developing 500-in.-|b torque releases 


Magnetic 


drive for quick-return stroke that is con 
pleted in 0.3 sec 
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pe of mechanism has been 


lig } lor 
transmitter is 


which the coarse 
not necessary 
e rod is forced away from the 
and synchro 
the 


motor-driven 


rapid return 


follow relatively 


the 


easily 
vement ol 
ms are used as above for con 
variable stop position but in 

i limit switch must be 
the rod at 
ther must be used to show that 
the 


pe ywitions no 


oper- 
the ‘‘in’’ position 


in contact with stop 
rod- 


For 


indicating 


these two 
nformation is obtained 
sign practice 
should be spaced about every 
stroke for 


the fast return stroke 


rod indication 


20) the 
Magnetic latches. Magnetic latch- 
the mechanism with the current 

to hold the rod in 


lesirable fail-safe 


position pro- 
rod release 

Ving a& me hanical advantage 
nin Fig. 2, a solenoid latch with 
r force of 40-80 |b can be used 

weighing up to 1,000 |b 
itches reduce friction and d- 
nets provide more certain holding 
Che lateh linkage should be de- 
» that return force on rod acts 
itch even if latch spring should 


times for magnets and 


from 0.025 to 0.075 se« 


t applications 


Drive Seals 
In snes 


irized 


' , 
inl cases where leakage from 


water reactor is to be 
the entire drive 


dash 


Sone 


tually to zero 
ball-nut jack 
itors, etc.) Is 
the 


( anme d rotor 


tion indi 


ited inside pressurized 
motors and 
nehro transmitters with 
outside the pressure- 
ire used to supply 


T his 


i preferred method 


rod position 


seal on the drive 
ire of the general 
\iechanical J ng 


( illed 


vn in the 
Handbook rod or 


Kings 


ind shaft packing 
motion 
provide 


f installed according to 


j 
Hneu! 


both 


motion or 

and 
recommendations By 

ir seal the entire mechanism 
weed outside the pressure shell 
performed 


lead- 


maintenance ean he 


Ch ind pinion gears OF 
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4. Movable-Stop 
Pneumatic Drive 


ADVANTAGES: Should piston fail, motor- 
driven stop follows up and slowly forces 
rod into minimum-reactivity position. Lack 
of position indication during return stroke 
can be remedied with limit switches every 
2-3 in. As in Fig. 2 several minutes are 
required for stop to re-contact rod after 
fast return. As with Fig. 3, drive adapts to 
pushing from below 





Pressure 
equalizer 


» reoctor 

ssel 
Limit 
Switch 


a 
4 


Variable 
stop 


DUOODDDOU 


Geared 
motor 


VI 


DOONOLUL 


Position 
transmitter 





150 -psi supply 
for fast return 


cylinder Hj 50-psi supply 


r posit ioning 


t 
Control -rod 
shatt 











Pneumatic or hydraulic drives are not gen- 
erally capable of the positioning or 
“stand still required of control rods. A 
!4-hp gear motor, driving through pair of 
lead screws and nuts, moves variable stop 
against which drive rod is held by pnevu- 
matic force. Force due to pressure from 
inside reactor pressure vessel is balanced 
by pressure equalizer that connects back 
to it. return, low-pressure 
end of through 60-psi 
spring-loaded The 150-psi 
air is applied by operating solenoid valve 
in about 0.050 sec. Fast return was 
0.2-0.3 sec for 2-ft stroke. Position indi- 
cator locates stop only. Limit 
switch on variable stop (not shown) is actu- 
ated when stop and rod touch; another is 
contacted when rod is fully down. If rod 
sticks during operation, interlock 
applies quick-return air pressure 


During quick 
cylinder vents 


relief valve. 


variable 


control 


dash 


This undeniable 


screw assembly, and where the 
pot can be adjusted 
advantage will serve to offset the fact 
that 


cially if 


friction is relatively large, espe 
a pressure-balancing system 
requiring two seals is used as in Fig. 4 
rack 
pinion similar to that in Fig. 3 is 


located 


For a rotary-sealed drive a and 


used 


between mag 


the seal being 


netic cluteh and pinion gear The au 


cylinder shown can be replaced with 


either a linear or a wound spring ar 
ranged to supply the stored energy for 


With i 


friction is very low 


rod returt rotary-motion 


shaft 
makes the rapid return of the rod more 


seal which 


motor 
the 


certain and reduces drive powel 


requirements Servicing parts ol 


the operating mechanism beyond the 
seal point is difficult 
Liquid metal-cooled power reactors 


have helium atmospheres at relatively 


Commercially 


low ivail 
able* 
pressures up to 
strokes up to 14 in. ¢ 


bellows must be held to about 30°, of 


pressures 
bellow seul can ie used lol 


150 psi and for rod 


ompression ol 
the extended length to avoid shortening 
its life 

At pressures above 150 psi, shaft 
packing of the complete circle type ts 
motion 


materials can be used, as in 


used for both rotary and linear 


Ordinary 
sihiee damaging 


any seal application 


radiation is low at their location several 
feet from the core proper 


The 


proven very 


floating-metal-ring 


practical and little 


wear or galling of the sl experi 


Leakage 


ssures up to 


rate are 0.2-1 gal 
rbout L.OOO pel 


enced 
min at pre 
of the pressure-breakdown 
this seal To hold 


itmospher eal is 


because 
principal of net 
leakage to zero an 
added and a small uum main 
itme 


fluid is 
into the 


tained between the pressure and 


pheric seals where the | 


iKiny 


collected and then reinjected 


system 
* 


The drive of Fig 
Lichtenberge The othe 
signed ty J. J. Dickaor 
the design and teat 


text 


data gi 
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How to Load Solid-Fuel Reactors 


Here, in terms of the operations required, is a description 
of equipment for loading power reactors—from the sim- 
ple boat hook used for manual loading of pool-type re- 
actors to the built-in, remotely operated, leakless systems 


for sodium reactors 


By J. A. BOLTON and P. T. CALABRETTA 
\ ear Project Section, General ki ree ng Labo 
| an Machine and Foundry Co wee h, Cor 


1. Small Reactors Are Refueled Manually 
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<< 
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Control 


rods 
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Unloading of pool-type reactor is by steps shown. (Fueling is by reverse process.) Overhead crane will lift shipping cask out of pool for 
shipment to separate processing plant. Low-power heavy-water or pressurized-water reactors can be loaded similarly. In some cases 
operator viewing through periscope and aided by hoist puts spent fuel element directly into shipping cask 
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ors must have ther with solid fuel du y reactor power 

repienisned periodical operation is the ‘ t tf creating 

ed and replaced on a unstable operating litions by the 

ned by the burnup of vidition of large amounts of reactivity 

itoms. corrosion damage Discussion of olid-fuc handling 

up ot fission products equipment wil IM resented in two 

| thi i-luel reactors considered reactor categs ‘ These ure i 
fuel reactors of the homo small reactor esearch and = small 

i etal-fuel class re- power reactors), and (1 irge reactors 

emove spent fuel on a con power reactors of the pressurized 

t fl basis Process apparatus water and sodium-cooled types 

fuel and removes fission The discussion wv not include fuel 

iel handling is a by-product processing, although fuel handling de 
the er-all operating cycle vices are important there. Where 

iel reactors, fuel is held in NecesSSsar \ h pothetica reactors em 

t ( ISUA called assemblies hbodyving typical equipment are repro 


be removed by a batch duced, rather than classified systems 


Ideall solid-fuel handling 
equipment would load and unload the Small Reactors 
react thout interrupting neutron These are typified by the pool-type 
productior Actually, many considet reactor, which, while not a power-pro 
atic event attaining the ideal ducing reactor, graphically illustrates 
Phe emost objection to refueling the fuel-handling techniques employed 


2. Infrequently Loaded Reactors Use Cask-Type Machine 











Fue!l-element a Plug 








ssembly 


Gote-oper 
ve »—t a drive 





shield plug hy 


nt Reactor re 














To refuel, plug above fuel element is removed by right-hand latching rod and 
drive. Cask is advanced to center handling rod over fuel element. Pneumatic 
actuator then advances and drive causes latch to engage. Fuel element is then 
withdrawn into cask. Fresh element, stored in cask, 's ‘nserted into core and plug 
is replaced. Shielding gate then closes entrance to cask and building crane 
carries it to processing area 
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Pool-tyv pe reactol el ! tthe 





fuel-handling equiy ent big | 






Fuel-element assemblic int im the 






core by engaging pile 






lower ¢ neds i hye if na tise te gy 






The elements dwell in the r tor core 









for prolonged periods; thus recharging 
time is not an important ce eration 
rhe reactor has an open top face 

ered by clear water, and the tuel ele 
ment assemblies are small and light 






Radiation level at the reactor bridge 





tolerable to « perators therefore. man 





ual loading and unloading with boat 





hooks is entirely suitable 








In a simple ease such as this, the 
regulating and shim rod drives and 
fission-chamber drives and their con 
nections to the reactor core ma OCCUPY 






the space above the core and tend to 





obstruct unloading and loading 





Manual refueling of small reactors 






appears simple Neverthele the sim 






plicity imposes rigid operating pra 






tices upon the reactor facility to re pl we 





the elaborate safety interlocks of semi 





automat and automat stems 





Operators must follow strict procedure 





enforced and supervised by competent 
health-physics officers Radiation at 






the operating position rather than 





mechanical feasibility or apparent con 





venience is the criterion upon which 





acceptability must be based 
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A cask type refueling machine, Fig. 2 





described later in the article, is used for 


some reactors of the 







type. 


Large Power Reactors 





The design of solid-fuel handling 





| 


tems for large power reactors depend 






upon many lactor compartment ln 






outs, building arrangement, contain 
ment scheme, interlocks, reactor-vessel 
design, fuel geometr core design 





coolant frequen ol retueling hielad 





ing provided during retueling and 





shape and quantity of elements other 
than fuel that need to be replaced, 


A common practice to investigate 












fuel-handling equipment after all other 














Large Pressurized-Water Reactors Use 
Semiportable Remote Handling 








B, woter level for 
removing transport 
boskets 


Gote 


Storage 
canal 


Bridge 
| (stored Pressure 
A, woter 
teuel oe vessel, 

‘Vv 

} ; cover, and 

for “)) ontrol 
;} removing irives ir 
| elements storage 
| 4 
| 


Transport; 4 
basket 





To refuel, shielding and containment cover is removed and ves 
sel flooded to level A. Then pressure cover is stored (1); 
handling crane (2) is lowered onto bridge in containment 
shaftway (3). Local operator, via periscope, locates latch at 
bottom of mast over check pins fixed to core structure. Index- 
ing device that insures accurate alignment is zeroed and 
locked; then elements are extracted by operator at remote 
console. Mast is driven down and latches onto element 
assembly (4). (Guide holds down adjacent elements.) Unit 
is indexed over to transport basket (5) for temporary storage 
This is later lifted (6) into storage canal (7) with woter level 
at B, that of the canal Fueling is by reverse process After 
refueling, service crane stores handling crane in storage area 


reactor features are est ely long set-up time and can 








4. Sodium-Cooled Reactor Has Built-in 
Handling System 


Rotatobie 
shield plug 


processing 
area 


Vesse! for reoctor 
Spent tuel 


element 


ainer 


To refuel, control rods are first delatched and reactor-core 
cover disconnected and lifted. Shield plug is rotated to carry 
rotatable fuel-handler into position above core. Combined 
rotations can move crane over any fuel-element assembly 
Power drive lowers gripper until it latches on; remote indi- 
cators tell operator when this occurs. Crane then raises ele- 
ment while guide prevents swinging and holds down adjacent 
elements. Raised crane is then rotated with plug and servo- 
positioned accurately over exit gate valve; valve leads to 
air-lock arrangement with reciprocating carriage for carrying 
fuel element to processing area. Carriage is driven by remotely 


controlled chain drive 


0 | il} ships ind 


practice results in ver 
plex, and often cumber 
svateme Karly study of 
tems results in integrate 
with economic fueling 
obvious that the faster thy 
the more time the plant 


the line 


Duty-cycle considerations 


ment must suit the duty 


on it by the reactor operat 


teristics. Long period 


ings allow portable hand 


with all other reactor 
taking pre edence over | 


device can operate slow 
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ivered manually with mechani« 
ine Further 
ent ha ing a verv iim 
Spent fuel element 
! through a imple seri 
reactor to shipping 
equipment must ha 
ability during 
er, the long 


onding ifford wore 


lor mamtenance 


Cask-type machines. 


k-ty pe hy indling 


of these character 


comotive ( ible refine 
machi ! probably 
the reade Hi mine fine 
ily shieldec 
operated me 
elded and 
sk machine 


stational 


ce for contre 
requentl 
nte 
Frequently-loaded reactors. Short 


between loadings IM pose i 


‘T hen 
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the 
It governs building and reactor 


ntegrated into reactor 
Loading and unloading must 


and efficient; maneuvering 


be accurate and fast. Operating 
es must be simple and foolproof 
the skill transferred from operator 
ne. The equipment must be 
ind have long life, and yet pro- 
tust be included for mainte- 


The 


irried efficiently through the 


fuel-element assembly 


steps from reactor core to 


cask or process line. Exam- 
provided by the handling sys- 
pressurized-water and sodium- 


3 and 4 


fuel-handling equipment must 


reactors given in Figs 


reliable since failure of cer- 


ponents may be very costly 


consuming to repair. Good 
ireful maintenance, thorough 


on, and extensive testing are 


Plans for remote-handling 
ment should embody means for 
Attain- 
f reliability is intimately associ- 


th the 


inspection and repair. 


engineering decisions 


r-all layout and reac- 


plant 


onfiguration. Handling equip- 
subjected to severe environ- 
It must be able to 


radiation, and corro- 


conditions 
heat 
damaging liquids (Na or H.O). 


tand 


ition is generally unfeasible 
reactor-coolant and other aspects 
ition of equipment must be possi- 
thout vision or, at best, with 
ted vision 
Reactor cores generally have a num- 
fuel elements arranged in a lat- 
Consequently, handling systems 
ible to move to positions trom 
the devices can connect to fuel 
core and in the fuel- 


The 


oning control is closely related to 


in the 


ce and fuel-discharge area 


ometric pattern of the core, fuel- 


hape, number of elements 
pattern of the reactor 
Achieving the 


positioning depends on fuel- 


ometriu 
required ace- 
ind handling-device design 

reactors are high-tempera- 
chines, the dimensions of the 
patterns are subject to change 
rinal eflects. 


experience has 


equipment satisfying these 
requirements 
* o * 

ontained in thia article 

nde 4iomu Pows Study 
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5. Latch for Holding Fuel Elements 


At the lower end of a fuel-element handling device is the gripper that makes connec- 


tion between fuel element and handling device. 
operated self-centering latch in operation. 
The indicator bar can move relative to the 


indicator bar within a coaxial housing. 


The figures below show a remote- 
The mechanism consists of a central 


housing but to do so it must compress a spring mounted between the two 








end fitting 





~ — Fuel element 





Overtravel-iotch-and-release limit switch 


Latch-in-lift-position limit switch 
Element-contoct limit switch 


Toggie-and-limit-switch cam 


Housing (driven 
member) 


indicator bor 


~ ~Jow, commed open 
(3 jows) 


~Camming surfoces 


~~~ — First contoct of element 


~~=Self-aligning washer -—- 


-=— Com sleeve —-- 


~ ~Element end fitting 




















LATCHING: Here latch is being driven down 
through outer housing. Cone-shaped inner 
mouth of latch centers latch on cone-shaped 
upper end of stationary fuel-element 
assembly. Jaws are cammed open by 
cam sleeve that is rigidly connected to 
indicator bar. Spring in housing keeps 
cam position such that jaws are open. As 
housing is driven farther down it moves 
relative to indicator bar which is stopped 
by fuel-element assembly. Jaws move 
with housing and are cammed closed by 
cam sleeve 


LATCHED: When jaws have closed, limit 
switch at upper end of latch stops drive and 
toggle lock locks near dead center. Then 
lock drops so as to lock very securely 
the handler and fuel Housing 
can then be elevated with indicator bar 
and secured element. Note that weight of 
fuel-element assembly tends to keep latch 
locked. Delatching is by a reversed pro- 
cedure: unit is driven down till fuel element 
is stopped by a fixed 
travel of housing opens toggle and then 
jaws 


element. 


surface; further 
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How to Design Reactor Shields 
for Lowest Cost 


Analyzing shielding effectiveness and material costs shows the starting 


points in low-cost reactor-shield design. 


Separate calculations establish 


optimums for the thermal and biological shields, after choosing the at- 


tenuation required of each 


By JAMES A. LANE, © 4,* Oak Ridge, Tenne 


heat flux is about 2 * 10 


PHICKNESS has an important bearing ey /em?/se Using 2 Mey 
the mean y-energy emitted 1) fi 


THERMAI AND BIOLOGICA r to thi 


y parti 


on building cost and thu 


cost in nuclear power plant chain-reacting core—y-flux i 


od of finding optimum is 10'' y/cm*/se ro re 


| i ‘ cline j » the 


for minimum cost tolerance level of 
biolog Lient to 


| em ( equi 


sumption is that the 
protects pet sonnel onl requires an attenuation 
For these calculations 


hield Wits iis 


enoug! 10 nem 


neutrons and y-ray 


shield prevents exce i flux on the umed 


tion in the biological 
supplementary cooling | he contribution of 
Neutron and = vy-ra 
between the 


Phese deter 


capture in be neg 


ittenuation 


ition 


boundary 
established 


tenuation 


depends 


(dl oures 
d shield 


tructure to tx Zed ble formula ire ay 
thicknesse 


required, ‘TI materi 


enables each tilable 
separately to find the opti hield 


sources 
/ hor 


sumption 


whole structure plane 


Biological-Shield Design 


experience has hown that its i ol hroug r,; emi 


iron and conerete appes 
most promising materia 


incident radiation 


shields | sil conserva 
the thermal conductivity and erma y Cr “¢ 


stress limitations for con 


( / emergent I 


crete ‘ | ’ or y em mere y 
shield em ’ 
held, em: B hui 


ue to multiple scattering 
rise in the shield marayab 


The radiation intensit espond i first approximation, the buil 
B ind the 


the maximum tolerable heat flu 
inside surface is about 100 Btu 


This gives about a 50° F ot 
sorption coethy ent. 


geometrica 


* Operated by Carbide andl it 
n eC ASS e mp 
hemicals Co. for the U.S. At i” a ime Oe 


OTD TO SSIOn inother 
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d= Diameter of core 


pilus thermo! shield 











FiG. 1. Biological-shield cost is shown 
as function of shielding-concrete specific 
gravity and size of reactor core plus 
thermal shield. Core is cylinder with 
height equal to diameter. Concrete s 
g. of 2.3 results with ordinary concrete, 
s. g. of 5.6 results with iron-aggregate 


concrete 


Atte 


rt 


Concrete Shields 
Che densities, 7 i ibsort 
| thicknesses of 
in attenuatiolr 
n Table |} 


his 


nstalled 
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FIG. 2. Cost of entire shield is shown 
when using different thicknesses of iron 
in thermal shield. Needed 
attenuation of thermal shield can be 
achieved using different amounts of iron 
Barytes concrete is assumed 
as material of biological shield 


and woter 


and water 














4 rs) i2 16 a 
Reactor ore Diameter (ft) 
a 
FIG. 3. Minimum cost of shielding re- 
actor shows almost linear variation with 


core diameter. Assumptions 
are that barytes concrete is material of 


biological shield and optimum combina- 


reactor 


tion of iron and water is used in thermal 
shield 

elds of different aggregates 

D 60, presents a detailed study 


y-concrete cost composition 


truction methods. 


Biological-shield costs. Cost esti- 


te thie biological shield are 

I Fig. J The reactor core was 
to consist of a eylinder, with 

é t equal to diamete Caleula 
t ere based on the core being sur- 
in appropriate thermal 
biological shield with 

tl f riven in Table 1, at unit 


1 ible 2 


| each size core there is an optimum 
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shield densit l t tor core diam 


eters of interest u lustrial powel 


production 10-30 ft this optimum 
density is obtainabl ising barytes 


Thermal-Shield Design 


Designing an economical 


te concret« 





regia 


thermal! 


shield involves heat removal and shield- 


ing problems. Lansing, p. 58, presents 


a detailed analysis of thermal cendi 
shield 


the thermal shield must attenuate neu 


tions in the thermal! Because 


trons and y-ra thermal shields are 
usually alternate layers of a heavy 
material like iron, lead or concrete and 
a light 
Water 


coolant 


neutron-moderating material 


is often used as the moderator 
and neutron absorber 

Using other hyvdrogeneous materials 
such as high-boiling-point organic cool 
some 


ants may have advantages for 


reactor types In all cases the heavy 


neutron atten 


material and coolant (or 
must be properly proportioned 
Opti 


untor 
to design the lowest-cost shield 
mizing the thermal shield is illustrated 
in the following 

Neutron 
quired of the thermal shield will depend 
the 
factors. In 
reactors, total 
be held to a 


and y-ray attenuation re 


on the reactor type, the core size 


specific power and other 
| | 


most industrial power 


neutron jeakage must 


minimum tor good neutron economy 


An analysis of irious designs shows 


that neutron flux at the thermal-shield 
face at reactor centeyline will not ex 
ceed about 5 &* 10'* n/em?*/seec, maxi 
mum: and that average flux will not 
exceed 2 * 10'* n/em?*/sec The cor 
responding y-ray fluxes will be this 
same order of magnitude 

Neutron and y-ray fluxes on the 
biological shield have already been 
established at 10'° and 10 respec- 


tively \iaximum attenuation re- 


quired by the ther: | shield then will 
1.000 tor 
the 


idded because 


eutror ind 


he 5.000 for 1 


gamma ittenuation 


neutron and ¥ 
each neutron absorbed yields a capture 


y-ray Required tron and = water 


thickness« for these attenuations are 


shown in Fig. 2 Phe combinations ol 


iron and water uch as O and 84 1n., 2 


and 70 in., give the desired shielding 


For all shield th water thickness 
12 in., y-ra ittenuation is the con 
trolling facto n total thickness 
As iron thickne nereased, water 
thickne ind thus total thermal-shield 
thickness decrease This decreases 












TABLE 1 Shielding Thickness 








Water 10 0.020 21 0 

Standard 7a ) Ob, | 1 to 
concrete 

Barytes ,+5 0.100 6.0 2 6 
concrete 

lron-aggre- 5.6 O. 162 , 8 1 45 
gate con 
crete 
* These absorption coefficients are for a 


gamma energy of 2.3 Mev 





TABLE 2. Biological-Shield Unit Costs 


(‘oat 
Installed 
Concrete lugreqate Valeria coat* 
type § ton & va 8 wd 
Standard 1s io mo 
Barytes i) 140 200) 
lron-aggre 125 O00 SOK) 
gate 
* These costs include &5 ‘ for portland 


cement and S40/yd* for form md rein 
forcing material Installed cost esti 
mated on this basi ire costs for high-con 
struction-cost irea rather than average 
costs At Oak Ridge National Laborator 
installed cost of ordinar concrete reactor 
hields 4 $120 vd including overhead), 
and = the corresponding yet tov baryte 
concrete i 8175 d Davi | 0, pre 
ent installed cost it Hanford Atomik 
Product Operation for everal concrete 
ty pe 
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the biological-shield size and cost At 
some point the imount ol iter te 
comes insuffiment for neutron atten 
uation, and the thermal-shield thich 
ness start to inerense In big. 2 


thermal- plus biological-shield cost 


given lor wriou eore dinmetetr i 
suming a cylindrical core, with diam 
eter equal to height lo caleulate cost 





the biological shield y imed to core sizes up to 24-ft diameter, are placing the reactor in underground 
be barytes-aggregate cone: ylotted in Fig. 3 tanks, as the biological shield could 
cost was taken as $0.30/\b, i rhe cylinder shape used in these cal be eliminated. A thermal shield would 
The results indicate that hiekn culations is the optimum cylinder for still be needed to prevent overheating 
should be decreased as reactor-co ducing shielding cost is it has in the tank walls 

size increases Minimum total cost for lowest surlace area/ volume ratio BIBLIOGRAPHY 
the biological and therma hield, for ower shielding costs would result iipm rt ell, A. Kitzes. ORNL-70 


Determining the Geometry of 
Thermal Shields 


Gross amounts of iron and water in thermal shield can 
be set by shielding requirements, but their distribution 
must be set by calculations on thermal stresses and heat 


transfer. Here's how to carry out this type of analysis 


By NEAL F. LANSING 


Oak Ridge National Laboratory,* Oak Ridge, Tenne 


MATERIAL CONFIGURATION IN which water circulates, would be — y-rays is 2 Mev, the water absorption 

THERMAL SHIELD must be chosen s preferable coefficient is 0.05 em The &-in 

that flow and heat-transfer character water layer will reduce the y-ray energy 

istics are satisfactory Material geom First Water Layer to7 * 10'* Mev/cm?/se« In engineer- 

etry must insure that thermal stresse The first layer of water should be ing units, this is an energy flux of 

will not exceed permissible values S in. thick (1). This layer reduces 35,000 Btu/hr/ft®? incident on the first 

After selecting the gross quantities o thermal-neutron flux onthe iron. Two — iron layer An expression for thermal 

materials needed to achieve the re vivantages result from this attenua stress caused by heat generation in the 

quired thermal-shield attenuation, the on a) reducing energy release per hield will next be derived 

details of material distribution must be neutron capture from 7 Mey in iron (2) 

established. To illustrate the pre to 2.2 Mev in water, and (b) releasing Thermal Stress in Shield 

cedure, thermal-shield desig ( ilmost all the capture-y-ray energy Heat generation in 

12-ft-diameter reactor co vil ) inside the thermal shield instead of dis material surrounding large sources of 

described tributing this energy source through nuclear radiation is @Q B Qu 
The core is a cylinder with diameter out the shield volume nbols, Units and Physical Con 

and height equal. Lane i : \ further advantage of this initial p. 59, explains the units used 

shown that for this size core, the low vater layer is that it reduces y-ray in- Over a small number of relaxation 


shielding cost results from using 10 in tensity by one-third. Thus the water lengths, the build-up factor, B, can be 


? 


of iron and 14 in. of water in the ther ibsorbs a significant amount of energy, ipproximated by yy B Bu The 


mal shield. The water and iron are © far as thermal effects are concerned heat generation function then becomes 
assumed to be discrete layer ch ilthough the effect is almost negligible 4 QoBe’ where pu mn c (ef 
laminated thermal shield e mo oO far as over-all shield attenuation is ctive linear-absorption coefficient 

conventional, but it is pr neerned iny irradiated she vhose thick 
nearly homogeneous mixtur 1 ior Maximum y-ray flux leaving the ss, L, is small compared to its radius 
and water, such as iron hroug ore has been estimated as 2 « 10'4 temperature distribution 


p. 57) which includes k(d*t/d Qo Bye’ Letting ¢, be 

*Operated by Carbick 
Chemicals Co, for the | 

Commission “suming the iverage energ of the vives following expression that 
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from neutron capture surface temperature on both faces 





Symbols, Units and Physical Constants 


Values given are for carbon steel 
B constant 1.5 

0.11 cm™! 

elastic modulus, 30 

incident radiation 

sec 

thermal conductivity, 26 Btu 

hr ft, °F 

heat rate, Btu hr 

heat generation in 

Btu hr. ft 

heat generation at shield 


1.87 x 10° 


constant 
10° psi 

intensity, 

Mev, cm 


shield, 


surface Tos 
Btu hr/ ft 

radial coordinate, 
temperature, °F 


results of 
inalvses: p*k(t ti) BaQ 

| ely, L. This 
listribution is then used 


the 


ipproximates 


refined 
erature 
iluate the thermal stress. 

that hal- 
inced on either side of the shield, con- 


Postulating pressures are 


entional stress formulas (4) can be 


taken directly. Experience indicates 
that the axial-stress component usually 


Axial 


cylinder of inner and outer 


predominates. thermal stress 
in hollow 


radii a and b, respectively, is 


| f t,)rdr (t—t ) (1) 


Introducing the temperature distribu- 


en leads to an exact solution 


be simplified for thin shells 


aL 
6 


+ Eur (2 


represents (1 e*©)/ul and 
\s maximum stress occurs 


face the expression used 
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average shield temp., °F 

average coolant temp., °F 

shell thickness measured from 

irradiated surface, cm 

thermal-expansion coefficient 
7x 10°, °F 

effective linear absorption co- 

0.22 cm™! 

energy absorption coefficient 
0.175 cm 

average linear absorption co- 

efficient = 0.33 cm ' 

Poisson's ratio = 0.3 

permissible axial stress, 30,000 

psi 

stress function 


efficient 


This relationship gives the stress func- 


tion, V, 
laxation thicknesses, ul, of the shield 


in terms of the number of re- 


It is an expression of the familiar form 
a," ak(t, —t))/(1 


in €&? have been neglected 


v) in which terms 


By way of comparison, for an irradi- 
ated flat plate with similar boundary 
conditions t, t Qo(l — & 
Ful /2)/kp*. 

Using the heat flux previously caleu- 
lated and Eq. 3, the maximum allow- 
able thickness of the first iron layer in 
the 


considerations, is found. 


shield, based on thermal stress 
Physical con- 
the shield 


Using the 


stants are above. From 
inner dimension pa 10 
maximum steel thickness required (10 
the right- 


in.), wl = 5.7, for which 


hand side of Eq. 3 0.28 For carbon 
steel VW = 0.42 


mum 


This means that maxi- 
slab of the 
will be than 
Thermal-shield de- 


stress in a single 
thickness 


permissible stress 


required less 
sign for this case will be controlled by 
the heat load rather than thermal stress. 
How the 


is shown next 


materials are distributed 


Choosing Layer Thickness 


Laver thickness 


an economic optimization 


usually depends on 
The varia- 
ibsorption rate in slabs 
thick 
required heat trans- 
is g/A If 

e*l)/2. Heat transferred to the cool- 
will be q/A A(t t,). Both 
coeflicient, h, and (1, 


tion in energy 
two relaxation-lengths 
that the 


fer from one surtace 


one or 


1s such 


ant 
the heat transfer 
t,) can be varied over quite wide ranges 
The heat 
ordinary fluids 


transfer coefficient for 


such as water and air is 


most sensitive to the flow velocity. 





waret 


. 
asm 


‘ 
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aoti¥® 
Md 
\ Reactor » 
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N 
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Thermal shield a he o- KJ A 
~ > a 
army 


(woter ond stee!) ~ ae 
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3 - 
3.33-in. steel Biological shield 
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THERMAL-SHIELD DESIGN splits iron needed 


into three shells; and water into four 


Permissible temperature difference de- 
pends on the system pressure and other 
Because these 


conditions many of 


conditions will be established by con- 


the 
shield, it is not possible to set forth a 


siderations other than cooling 
systematic optimization procedure for 
heat removal. 

heat 


absorb 


In this case the relatively low 


flux makes it convenient to 
most of the energy in a single layer 
Say that 30,000 Btu /lr, ft* are removed 
This 
require the first layer to be 3.6 in, thick. 
Heat transfer rates of 15,000 Btu/hr/{t? 
readily result from temperature differ- 
ences of 50-100° F flow 
velocities of 1-2 ft/sec for passages on 
the order of 1 in 


economical 


by a single steel layer would 


and water 


wide. For more 


fabrication, equipartition 
of the needed steel into three layers, 
each 3.33 in. thick, would probably be 
recommended 

The additional 6 in. of water needed 
for the shield can be used as shown in 
The final 4-in 
thermalizes and absorbs neutrons that 


the figure. water laver 
have been degraded by the steel 

The analysis just described applies 
only to continuous shields. Openings 
such as for beam 
thimbles 

stream through 
local “hot 


biological shield for which pro 


in the thermal shield 


holes and instrument will 
radiation to 
This often 
in the 


vision must be made individually 


allow 


creates spots” 
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How to Choose and Place Mixes for 
High-Density Concrete Reactor Shields 


Selecting the best concrete for shielding means choosing from among densities of 
150-410 lb/ft’, at material costs from $0.50-25.40 /ft’. This article tells how high- 
density concrete can be designed and placed at lowest cost. Properties of available 


heavy aggregates and usable mixes are given, plus construction techniques 


By HAROLD S. DAVIS 
Has ord lfon if Product (J pe 


md, Washington 


CONCRETE I8 AN EXCELLI M RI Shielding effectiveness. Com, that compressive strengths of 2,000 
for radiation shielding It econon data on shielding properties of the 6,000 psi can be obtained at 2S days in 
eal, stable and versatile Ff Iditio ’ es discussed are unavailable. L oncrete made with portland cement 
it may be used structura p. 56, presents absorption coefficients and aggregates iron, magnetite 

Ordinary conerete mace I ne lor some concrete types More de hmon ol pry ne mpromise 
and gravel weighs about 150 Ih sf ta tailed data are available ]-¢ Vhen i tre nom ) y for econ 
costs $50-100/ yd installed hielding neutrons, the concrete must n fo y ‘ content and 
thickness can be reduced | y ontain hydrogen (water other light det concrete types described 
denser concrete, This often resul I elements, or special admixtures (see i) ru rally sound and capable of 
over-all savings in reactor and building p. 63 lequate behavior if operating temper 
costs, Concrete made wit! uN Shield density and composition. itures at 
heavy aggregates such as magi Where space is limited, expensive hig! Stability under operating condi- 


eC HOt EXCessl ve 


will weigh up to 245 Ib, ft hile des lensit iwyvregates may reduce total tions Recent experience ndicates 
ties to 425 Ib/ft® can be obtained ny ( But to reduce total cost of a that reasonable amounts of gamma and 
atee! punchings and shot i ley yi hield, cheap sound aggrega neutron exposure do not deteriorate 
sity concrete costs S100.) ! mperative Shield densit ind oun concrete pprecial Some 
place depending on iggregils ‘ i position is influenced b a 1) ny ys hia ! | «during 
formwork used ind intensity of radiation, (+) limi isile x heated 
Cost savings by proper design ns on shield thickness 
considerable Using high-des on | of forms or shielding st: 
erete saved $7,000,000 on one reacto /) number and location of emb 
project. On another ob = $440,000 iT e) construction method 
was saved by using magnetite ithe perature and operating conditions n vorking resst d shield 
than steel aggregate in a tl tical g) external and dead load h) a hiekn rt of concrete 
area where maximum den ne e aggregates, and (1) econom he ey 
required Placement method. To CO led confidently to high-density con 
Conerete-shield thiekme | crete with the desired compositi« ind crete owing pecial proper 
ean be reduced in the same proportio niformit reasonable care miu > U ‘ igygregute 
as the density is increased ised while handling aggregates babe? 
density and composition heat di elem enmeveta “Tt earvect wles Designing Dense Concrete 
pends on many faetor ent method reduces costs and insures ter e experience tl 
rmits concrete has resulted 
Factors to Consider Adequate structural strength. 
The best shield design pro i i gh-density concrete wit! wie quats 
quate protection at reasor r 0 ictural strength and stabilits 
The following design factors must each ” obtained using sound aggregates . ! phasis 


iction expenence demonstrates l lel optimum-g led iwgre- 


be considered for each shu 
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How High-Density Concrete is Placed, Using the 


a = 





STEEL OR NATURAL ORES ARE TYPICAL HEAVY AGGRE- 
GATES. Sheared steel bars and punchings (top) and 
coarse magnetite and limonite ores are typical heavy aggre- 
gates for shielding concrete. Steel pieces should be free of 
dirt, oil or coatings that reduce cement bonding; natural aggre- 


Prepacked Method: 


NATURAL ORES ARE REDUCED IN SIZE BY CRUSHING 
EQUIPMENT. Limonite ore is crushed for concrete use; 
first in jaw crusher (background), then in gyratory crusher at 
right. Vibrating screens sort the ore. Grout sand is ground 
in Wall mill at left. After crushing, aggregates are weighed, 


gate should be cheap, dense, clean, and free of deleterious and then blended in concrete mixer. Fines are removed by 
material washing on *,-in, vibrating screen 


3 (LEFT) NEXT, AGGREGATES ARE 
PLACED AND COMPACTED IN 
FORMS. By carefully placing and 
compacting aggregate in steel forms 
for side shield of reactor, breakage 
and size segregation are minimized. 
Aggregate should not be stockpiled, 
but should be placed in batches of 
0.5 to l-yd 


(RIGHT) DIFFERENT AGGRE- 

GATES ARE USED AROUND EM- 
BEDDED ITEMS. Magnetite-limonite 
aggregate is used in less critical 
creas at the left. Steel-limonite 
aggregate is placed around beams 
and embedded items 


STEEL SKIN PLATE COVERS FINISHED CONCRETE SHIELD 

Top surface of shield is finished by conventionally placing 
10 in. of high-density concrete. Shield is then covered with 
steel skin plate 


GROUT |IS PUMPED UPWARD, FILLING VOIDS IN AGGRE- 

GATE MASS. Grout is pumped to lowest part of shield 
and forced up with pressure of 2 ftof water. Two trailer mixers 
and four duplex pumps supply grout at 6 yd’ hr 
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Of about 


nggregauts 
hue 


and cost 60 


specific gravity >3.5, abe 
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like 
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Total installed cost 
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umped satisfactorily 
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te containing coarse 
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then puddled 
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How to Increase Neutron-Shielding Effectiveness 


hielding effectiveness can be improved by (a 
gh content of tron or heavy elements such as bariun 
ing the water content c adding horon compounds 
com position for a fixed-density concrete shield is 
Boron content is limited to about 1% beca int 

/ 


ints have a degenerative effect on setting time and 


operties (¢ Optimum water content 18 also un 
r 


ever, uw appears that below 4% neutron-shield 


mparred 


Boron-Loaded Concrete 


ah Ridge National Laboratory has deve loped high-de nsity 
te ontaining boron (6) 


The y we ugh about 200 th ft 
About {O00 lh of 


ntain 1% Band 89 water when wet 
nile or 670 tb of horon frits yd of harite concrete 
CaO B8BOSHO 


more soluble than boron frits and affects concrete 


e thi concrete Colemanite 


nore adversely To counteract the setting delay 
ina cement may be used with portland cement 
made with frits (formed by fritting horaxr wit) 
cost more, contain less water for the same boron 
hut be easier to formulate and cure 
reports that satisfactory concrete with colemanite o 
Vaterial cost will be 
or two-to-three-times material cost for boron-less 
At this price il 18 di flic ult to 


he formulated and cured 


uth similar density 


ng horon ‘ ree pl for & per ial applications 


Increasing Water Retention 


1/1 the ater added to a concrete mix does not remain part 
fixed —chemically bound by the hardened cement 
md part is evaporable. In general, the higher the 

ater, cement ratio, the damper the curing condition 
the curing period, and the lower the operating ten 
the higher will be the fired-water content of a con 
Other factors are: type of sand and cement 
NMSLOTIA and geone try; and ré lative humdi / 
age curing conditions, fired water contained by 
mortar at 100° C will be about 14 of the portland 


werght l'nder more favorable design and curing 


4) 10 259% may he retained at 100° ¢ 10) 
cements have been used experime ntally to retain 
ounts of fired water than does portland cement 


Satisfactory concrete has been made using 


while limonite may con ordinary conerets 


fine clay or poor-strength high as 20-25% 


by using as mucl 
and goethite ores crush ing from the 
basalt 


When crushing Crusher fines pa 


1.5-in. size, about 30% if reasonab veil 


A larger frac us fine aggregate 


monite will crush down to as 10-20% passe 


in. screen 
pending on the ore sarite Further gri 
than magnetite or goethite is usuall I 
during handling of heavy, sand for 
may be high compared to Coarse aggregate 


the crushed rock used in method should 
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of the material com 


crushet iis 


raded, can be used 


to produce grout he 
packed method. 


larger than *¢ in 


MAQGNESTUM-OF YC Aloride (MO) cement harite and ferro 


phosphorus (13) Iron aggregates can not be used success 
fully in concrete made with UO cement because they rust and 
V ost concrete 


The portland cement 


destroy the bond between past and aggregat 
shields built have used portland ce ment 
industry could aid concrete-shield development by supplying 
1 non-atr-entraining cement, of uniform properties, that 
vould retain more water than do present portland cements 

pet ial aggre gate 8 may be used to increase water content 
Limonite, with about 10% water of crystallization, ve an 
excellent source of fired water as long aa the te mperature is not 
over about 200° C Hlaydite has been used to retain large 
amounts of evaporable water The removal rate of evaporable 
vater from a thick concrete wall is usually relatively low, and 
can be reduced by applying special membranes or steel plates 
to the surfaces To assure enough water in a ah d. reason 
able means should be taken to prot ide ade quate curing condi 
tions and to limit maximum exposure temperature l'o a 
certain extent, concrete surface g 4 r posed lo high ten pe ratures 
are self-sealing in that the dehydrated concrete 


presents an 


increased barrier to water diffusion Depending on the 
lem perature distribution through a concrete shield and us age 

ater content will be substantially above the minimum values 
gwen on p 64 For structural reasons te mperat ive differ 
ential through a concrete shield should be limited to 20-30% ( 
7 hermal shields insulation hlankets and external cooling 
mia he require d 

1 thermal shield usually consists of an iron inner wall 
hetween the reactor and the shielding wall lt ahsorbea moat 
of the energy from radiation leakage and protects the concrete 
shield 

Hlard gammas created in tron thermal shields during Ue 
capl re of thermal neutrons, muat be attenuated in Ue on 
crete is a means of eliminating secondary gamma thin 

horal or horoxal sheets containing aluminum and horon 
have been suggested I 4 

In any case, heat generated in a thermal shield muat be 
ren oved hy ort rnal means This may he a major factor in 
deciding u hether to use these boron sheets leat removal and 
thermal-shield design ia of special importance in over-all 
reactor-shield design These factors must be conmdered to 
evaluate the thermal conditions that the conerete will experi 
ence Lansing p 8 presents an ¢ ram ple of thermal ahield 


design, including an analysis of thermal atrease 


Lo es miny be is They should ln wh hed before Dpeing 


t can be reduced placed in the forms, to remove objec 


tionable amounts of rock dust and fines 


possible Processed aggregates hould be tored 


the '4-in.-screen on planking or concrete libs to prevent 


contamination sagging Is expensive 


though as much but is usually justified for storing 


" 


No. 100 sereen 
i rod or ball mill 


handling, and batching grout sand 
Usable types of forms. Forms ma 
removable, mac f nivwood or 


metal: or the m rmanent and 


din the prepacked more @laborate ‘ mve 


contain 
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of High-Density Concrete 





4. Adequate Physical Properties for Structural Uses, at. . . 


Com- Spectfu Conduc 
Expansion heat 
strength modulus t Shrink- im. /in Btu 


Bags / yd pat) p . } ) age (% f 


, ; 
pressive Rupture 


0 1460 O30 ) 0 O41 5.8 23 § 0 O42 

0 S870 1.005 i: G00 0 O12 

0 5865 700 7 0 021 

55 1640 516 ’ 0 023 h 02 

| 6,130 145 ; 0.020 0.157 

0 3,540 630 ri 0 O24 0 146 0 O26 
0 5,780 OS4 ; ? , 0 O18 5.7 0 21 0 O84 

6.55 + 180 106 ' 0.013 5.9 0 18 0 O56 


0.030 
0 O25 


vlar to that zg 


that has 46-1b limonite and 0.6-1b fixed water 
nethod iw given rou re N 


is from Michigan; the barite was fron eva 


oat cured 


INTERPRETATION—- Material cost on p. 64 includes costs for raw material, transporta- 
tion, processing and handling. Cost can be adjusted for local prices using the mix data. 
Costs increase with density and water content. For neutron shielding about 4‘, water 
content is a minimum. Limonite, combined with barite, magnetite, or steel aggregate, 
raises fixed water content to about 5°;. By varying the amounts of magnetite and 
limonite, density can be varied from 175-250 Ib ft*, with corresponding fixed water 
content from 20-30 Ib. 

Natural-aggregate concretes cost 1—1.5¢, lb for materials. Using iron aggregate, 
densities from 240-425 can be obtained at 2-6¢/Ib. This concrete can be justified 
only where space is at a premium, 

5 2! The greatest potential cost savings are in simplifying formwork, reducing labor and 
60 ‘ using natural heavy aggregates rather than steel. Estimated costs at left show that 
usually form cost is over half the total cost. In the first three cases, temporary plywood 
A or N 100 3.7 forms were used, while permanent steel forms were used in the others 
On one job using elaborate steel forms cost breakdown was: 16‘, -form fabrication, 
0 300 5 20‘, -materials other than aggregate, 30‘,-labor at the site, 12‘, -equipment, 15°, 
steel aggregate, 7‘ ,-limonite and magnetite aggregate. Limonite and magnetite are 
600 5.4 over 50‘, of the concrete's volume. 


Total 
Con- cost/lhb 


Type Forms crete cents 





mbedded items, formwork can It is true that close tolerances are BIBLIOGRAPHY 

ely simple and cheap. How necessary for some types of shield con- /, 8. Glasstone, M. C, Ed 

of Nuclear Reacto Thee 
Nostrand Company, Inc., } 

than for ordinary concrete be questioned carefully and justified oa sal pany, | 


rmwork must be more rigid and struction: however, their need should 


methods and conditions should for each component Certainly there H. M. Glen 
V. Delano, ¢ 


en to assure concrete with the is no excuse for specifying tolerances , KE. Creuts 
1236 (1949 

: P. C. Gugelo 
Maintainable alignment tolerances. that can not be justified on the basis of 21, 369 (1950 
K. KB. Gallaher 


1W54 


red strength and water content. that can not be obtained in the field or 


i¢ shields, close tolerances must requirements. Likewise, the use of 
ntained in tube and process- permanent steel forms should be ques W. H. Price 
ent alignment Plywood forme tioned as the may double shielding rey 
ersize holes can be aligned in — cost 
to '4o-in. tolerance using a Quality control. Adequate control 
Portable steel jigs can be used = measures are required during all phases 
inction with plywood forms of construction Aggregates, cement 
ng permanent steel forms with and water used in mixing prepack grout 
les, numerous tubes can be or conventional concrete should be 1948 
within 'g4 in. Permanent weighed as accurately as possible a oon 


may be required to support Standard specifications ind procedures / H. G. Harlow, I 
1054 


loads during and after con should be followed In general, the 
ide additional shielding best of standard practice is adequate 
concrete, act as a reactor but definite required to produce 

rie! ind provide means for shielding concrete with the specified 


ng equipment to the shield density and uniformit 
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Reactor Vessels 


Here's how the radioactive nature of the core affects design and 
fabrication of reactor containers. Although a reactor vessel 
needs greater structural integrity and reliability than a conven- 
tional vessel, radiation changes the metal's properties and induces 


higher thermal stresses in the vessel walls 


By B. A. MONG and R. M. DOUGLASS 


/ i) on The Babcock & WM 


DESIGN AND FABRICATI: ist be added to conventional con ( | 0 no significant 
to contain the reactor cor I | derations ih pressure-vessel desig hang latig ith, but density 
power system is complicate eve Mechanism of damage. The co! lecreases slight! bon steel’s den 
factors not encountered most chet n ofa high-energy neutron with 
cal or process Ves “e| \ ! en | ul of an atom in the 
tional vessels, pressure ir illine lattice ma dislocate the 
and corrosion resistance must | ( i om trom it normal position and ite “ vu x pose 0 in intense 
sidered, but the unust conditio i it entrapped as an interstitial liation fo ‘tended period? 
introduced by the radion iton If the atom ha required } » the effects in the much 
of nuclear core material must b imeient Kinetic energy from the co yreu luxes of planned high power 
taken into account ion ay dislocate other atoms in rea rs? ow will intense irradia 

Jecause the core hig eve | rT Accumulation of these ion affect corrosion rate 
radioactivity create hazards at pre lisplacements changes the material 
hibit or seriously limit insper n and propertie Radiation Heating 
maintenance once — the wetor Changes in mechanical properties. he code for pressure sel design 
operated, reliability mi he empha yosure of carbon and stain tee! requires consideration of stresses due to 
sized during design ar lal on 0 radiation causes increases of up to 7 ire. mechani loading. and ther 
Dimensional tolerance ( ul »% in vield and ultimate strength mal gradients. t ' i the walls of a 
than usual because of t! need for vl as much as 50% decrease in ductil el for a nuel itor, scattering 
careful core assembly an e impo it low temperatures. Chang nd absorption of neutrons and attenu 
tance of preserving fit an ib y at high temperature mr ition of gamma 
of mechanical part Althoug! t! I igher thermal energy ol I em ure g | KNOWN 48 radia 
fluids handled frequent i y itoms cause some of the interstitial 
corrosive, outward leakage ®O migrete, fill vacancies, and thereby nine! , | ckness will re 
prevented because the fluid i radio emove the cause of damage clue } yressure nd mechanical 
active, and inward leakage « Phere | i general increase In oading s by increase the 
cleanliness could impair the 1 ' hardmne that seems to approach therma ress Tl maximum heat 
properties of the core lig I ! equilibrium appreciably Delow the produ on Oo gamma radiation 
radiations from the cor fi embrittled value Annealed = geey near the r surface of the 
damage the vessel material and in ee! how proportionately greatet el and falls off exponentially toward 
crease thermal stre nderlying irdening than hardened steels Phe he outside surface The example in 
all these consideration he 1 te ra of hardening decreases with in y 7 nadie the magnitude 
preserve the nuclear integ: of the easing temperature of rad oO ind the induced 
core assembly while n nizing co There is a decrease in impact 
and preventing leakage trength of carbon steels hus 

( should be taken to 

Radiation Damage harp notches. The greatest dec: 


The new parameter of | ition Its from low temperature 


affects the physical propertir f met “i en New York 
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An Example of Radiation Heating 
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FIG. 1. Radiation-induced heat genera- 
tion within the shell as a function of shell 
thickness is as shown here for a homo- 
geneous-reactor core in a spherical carbon- 
steel pressure vessel of 6-ft i.d. subjected to 
a thermal-neutron current of 3 10 
sec and a gamma current of 5 » 
sec in an energy spectrum 


nm cr 
10'? photons /cm 
of 1-6 Mev 


insulation to flatten 


the thermal gradient, stresses can be 
educ ising one or more radiation 
thin the vessel These 
‘ i dense material such as 
ter e the intensity of radiation 
y the essel wall, They are 
ncereasing thicknesses from 
the re tor core to the vessel wall, the 
tl ‘ heing determined by the 
tre ind the amount of cool 
thnerma tress In @& pressure 
Cast ect proportional to ak / 
e a the coethcoent of expansion 
/ the modulus of elasticity, and & ts 
t ent conductivity Often 
t ter employed for high 
te ‘ ture tems containing col 
te i Unfortunatels the 
f vl stainless steel is 2-3 
t t! irbon steel, which means 
y. time gher thermal stress tele 
( is found by using 
ter 1 with a relatively thin 

ts ‘ <tee| { 
ete discussion on radi 
v ire vessels, see: K. H 
Ana » of spherical pre ure 
4 ource within the 


NL-CF-54-10-76 
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FIG. 2. Maximum tangential thermal 
stress as a function of shell thickness is as 
shown here if this example's spherical 
pressure shell is insulated on the outer 
surface in such a manner as to maintain the 
same temperature on the inner and outer 
surfaces so that the minimum thermal grad- 
ient through the shell is obtained 


Reliability 


The special hazards entailed by the 


heat energy in a reactor core and the 


potential damaging effects of accumu 
lated fission products magnify the need 


lor dependabilit \ reactor vessel 


that has contained an active core often 
is Unapproachable, and periodic exami 


from close range usually are 


Phu ili 
during 


nations 


impossible credibly poten 


tial cause of failure the entire 


20-30-vr desired life of the vessel must 


be eliminated during design and manu 


facture. Only materials and designs 


thoroughly, tested lor 


tions can be used satel 


reactor applica 
Failures are rarely experienced in 
pressure Vess¢ in other 


When the do oceur they are 


industries 
usually 
in the form of small cracks in the walls 
slag 


or other imperfec- 


ol pipes or in welds contaming 


inclusions, porosit 


tions, and usua result in seepage of 
the fluid rt} eakage is 


isual Inspec 


almost al 


wavs detected by regular 


tion and is corrects before it reaches 


serious proportior But in a nuclear 
system, detection « imilar leakage 
may come too te to prevent senous 


Cons quenes 











Corrosion 


The difheulty of inspecting reactor 


systems internally makes the corrosion 


essel material of 


resistance of the 


vital importance Release of corrosion 


products into the reactor coolant svs 


tem can have harmful effects on the 


cooling of the fuel, on the performance 
of the heat-exchanger equipment, and 
in the distribution of long-lived radio 
active particles to other portions of the 
These effects 
limit the permissible corrosion rates in 
the 


levels 


system harmful may 


reactor vessel to extremely low 
Many ol the 
fluids 


standpoint are 
of ther 


most promising 


coolant from the heat-transfer 
not acceptable because 
corrosive attack on reactol 
vessel materials 

The concern with corrosion has pre 
cluded the use of carbon and low-alloy 
iterials if they are 
Phis 


resulted in widespread use of stainless 


in the 


steels for reactor m 


exposed to reactor coolant has 


steels for all component reactor 


svstem To cut costs and to retain the 


intages of ¢ 


these 


structural ad irbon and 


low-alloy steels materials have 


clad 


corrosion-resistant 


been with a thin laver of more 


material Consid 


erable success has been achieved with 


clad steels of both the rolled and spot 
welded types 

The 
high corrosion resistance in ar 


trict 


same conditions that dictate 


wor 
| | 
CTCHIIIIIOSS 


operate to entores 


specifications in the fabrication of the 


reactor containet 


Leaktightness 


Jecause of the radioactive nature ol 


a nuclear heat source, containment of 


An uncon 
tolerated be 


the core must be complete 


trolled leak « 


innot tn 
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if inward, it might have adverse 


cnuise 
effects on the nucleat tem, and, if 
outward, the release of radioactive 
materials would be hazardou 

In most tems zero Uunrestramed 
leakage is mandator his usuall 
means a corpletel elded tem 
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Vessels for Pressurized-Water Reactors 
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Vessel for a typical aque 


base 
ner feu ‘ 


sfactory ce 


ati 


radiatior 


/ Large 
ad as higi 
strial pre 
here since 


radvation heating 


ing transient 


if reactors of 


icled with bolted 


qned to elim 


estan 


homogeneo reactor 


are tau irge and are 
OT 
struction 
proovten 
pecially 


onvrvded 


June, 1955 - NUCLEONICS 





Vessels for Liquid-Metal Reactors 


Liquid-meta ( ors have lou pre ssures and high lemperatures 
perat and the good heat-transfer properties of the liquid » 
wiients that account for a major portion of the 
Louw pressure would pern il thin walls. but 

gh ten pe ratures counteracts this Va 

nsvents inducing large thermal gradient 
/ 


” 
0 design flexritnlity into the reacto 


difference i ‘ i expansions of reactor component 


('orros mina liquid-metal system are major prot 
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Construction of the SRE Core 


Here's how the core of the Sodium Reactor Experiment is being built. 


Description of the arrangement of the fuel, graphite, sodium flow, and 


core enclosures provides background for understanding the methods used 


to make the zirconium-canned moderator-reflector units 


By R. L. OLSON 

Nuclear Engineering & 
Manufacturing De partment 
North American Aviation, 1) 


Downe y, California 


INTENDED AS a 20-My 
prototype for power re 
sodium-graphite type, the 
actor bexperiment 
Santa Susana, Californ 
uled for testing in 
graphite moderator an 
ant, together with the 
changeability ol exp 
components, results in 
core in which low-enrichm 
metal fuel rods are locate 
assembly as shown in | 
To limit the amount of 
could absorb any sodiur 
leak through a thin-walle 
nel, the graphite ISseT 
vidually canned a hye 
These moderator-reflect 
removed from the core 
with alternate experimenta 
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6-ft-long fuel rods, whic! CSUs] 
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zirconium tubes linus 
vertical holes through the 
the graphite moderat 
Thimble tubes for contre 
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a graphite reflector 2 | 


over-all) dimension 


70 


mel 








Control element drive 


Ring shield 


odium level 


Inner liner 
ju0rd pipe 
Auxiliary sodium 
niet tine 

Fuel element 


B ological shield 


Core tank 








Thermal shieid 





Bearing plate Cor element 








FIG, 1 SRE core, showing arrangement of fuel, moderator-reflector cans, coolant 
flow, containers, and control drives. Drive mechanisms fastened to outside of load- 
ing face actuate control elements through shield plugs, which form upper end of 
control-element thimbles. Both the core tank and outer tank assembly are welded, 
gastight, to upper shield through large stainless-steel bellows that accomodates 
vertical expansion of tanks. Two gallery seal boxes extending from outer tank 
assembly at level of sodium piping complete secondary envelope around expan- 
sion sections in upper portion of downcomer assemblies and discharge piping 


ft high by 10 f Coolant flow. Sod 
moderator flecto 00° F enter 
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yraphite prism 
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is shown 
mal stringer 
the flats and 
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reflector 
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is a baffle to redu m it OHO" | 
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138 in. id. by 


iround the core 
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thick with 
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a total weight of 
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between the core tank and the 
nk serve as thermal shields 
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neentric cylinders that carry 
mds from the bottom of the 
to circular bearing plates 
foundation slab 
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the reactor 

formed by conerete 
lab and side shield is lined 
nild-steel plate. Actually 
essel with attached 
s erected on the founda 
the side 
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The spaces be 
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shield 
shield completes the core 
Che underside of the load- 
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thermal insulation 


on of the ring and 
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reflective-insulation 
concrete the 
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Stainless -steel 
reflector cans 


Zirconium can 
assemblies 


FIG. 2. Core arrangement of 86 zirconium- 
can graphite units of four types and 33 
stainless-steel-can units of types. 
Stainless-steel cans are used in outer 
reflector region greater 
neutron-capture does not 
appreciably affect fuel-enrichment re- 
quirements. Fuel rods hang in holes 
through centers of hex units; control and 
safety rods move in channels at corners of 
three adjacent cans 


three 


steel’s 
cross-section 


where 


o~——— Pump out tube 
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Graphite 
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FIG. 3. 


graphite stringer, 
hexagonal tube, 


Type-A can assembly uses a 
0.035-in.-sheet Zr for 
0.10-in. Zr plate for 
upper and lower heads, 2.875-in.-o.d. » 
0.035-in.-thick Zr tube for fuel channel, 
»-in, od, 0.035-in.-thick Zr for pump- 
out tube used to charge assembly with 
pressurized helium. Each can is sup- 
ported on a grid plate by oa type-304 
stainless-steel pedestal casting, the flange 
of which is fastened to the lower head 
of can with 10 studs welded to can head. 
Upper ends of cans are spaced laterally 
by similar Without pumpout 
tube, over-all height of unit is 12074» in.; 
outside width across flats is 10.872 in 
Unit weighs 760 |b, of which Zr is 49 Ib. 
Stainless-steel sheet 0.031 in. thick is used. 
for the hex walls of the outer reflector units 


castings 


rO.O1L5 
+ 0.026 


Later analysis relaxed this to 


The 


from heat-transfer limitation 


close tolerance results 
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the graphite and the ean wall, and from 
the flow 
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need for limiting the Spice 


ina weld hg 


heet for 


experience in forming 


stainless-steel and titanium 


aircraft and miussile skins indicates 


more assurance of complying with ce 
time 
built by 


sign specifications and cost and 
criteria if the hex tube of Zr i 
welding together several simple formed 
shapes rather than by the limited pro 
duction of more complex shapes having 
fewer welds Preliminary tests indi 
cate high-quality zirconium welds can 
ve achieved with available equipment 
Forming the Zr panels. = leach hexa 
gonal tube is built up from six sepa 
Final 
sizing of the panel is accomplished as 


brake 


presses dimples into the panel to insure 


rate panels as shown in Pig. 4 


shown in hig 5 The powell 


clearance for sodium flow in case can 


folded = in 


warps during reactor operation 
straight-break panels are 
break dies that are heavier than normal 


Building the tubes. 
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Argon shielding 


as shown in Fig. 6 
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FIG, 4. 
panels or ‘scalloped 
stock into strips 6.5 in. wide by 124 in. long 
blank in sections later trimmed off 


How Zirconium Cans Are Fabricated 


Zirconium tubes are each built from six pieces made as “straight-break 
panels. Panel preparation begins by blanking 0.035-in 


Tool pin holes are punched on ends of 


After panel is formed at room temperature 


with profile dies in power break, panel is clamped in stress-relieving fixture ac 


curately machined to desired shape 


to cool in fixture The slight oxidation i 


FIG. 5. 


lt is held at 1,040” F for 15 min and permitted 


oved by blasting with fine alumina 


Longitudinal edges of panels are planed to desired dimension with an 


alloy steel cutting tool used dry with a 3-deg clearance angle and 67-deg lip 


angle. 


Cutting speed of 40 ft min produces very satisfactor y results 


FIG. 6. Fixture and welding machine are 

ed to form six panels into tubular sheath 
Edges to be welded are cleaned by 
lightly buffing with emery cloth and wiping 
with acetone on an absorbent tissue 
First part placed on stake is positioned to 
weld centerline by indexing planed edge 
gage. Mating part is 
butted to edge and held by 
clamps with 65-psi air. The 10-ft butt 
welds are made by power-driven auto 
matic welding head moving at 4 in. min 
while stake or backup bar locates and sup- 
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straight polarity. Wide range of settings 


give sound welds 
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ADVISORY COMMITTEE UN WORKING PARTY 


ma 


H. BHABHA, India 
B. GOLDSCHMIDT, France 


W. B. LEWIS, Canada .- @ 


J. COSTA RIBEIRO, Brazil UN Secretary General 
Dag Hammarskjold 


Gunnar Randers Ralph Bunche ie 8 Tchernychev 


|. |. RABI, United States 
J. ¥. DUNWORTH, United Kingdom 


D. ¥. SKOBELTSYN, USSR 


This United Nations 


SS = staff is planning 


Walter G. Whitman 
eae 


ion Uh the Geneva Conference 


(Story on next page) 


Conference Secretary 


ADMINISTRATION UN SERVICE GROUPS 


Donald Sulliveon i Translation 
Deputy Conference ; 
Secretary General Dagmar Schlesinger Interpreters 
Viktor Vavilov Publications 


SCIENTIFIC SECRETARIES 


N. A. Dobrotin, USSR; A. Finkelstein, France; D. J. Dewar, Canada; 
E. 0. Hughes, Canada; |. D. Rozhansky, USSR 
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THE UN GENEVA 
CONFERENCE: 


Condensing a World of Knowledge 
into 165 Hours, August 8 to 20 


OVER A YEAR AND A HALF ha entation of political papers and 


since President Eisenhower first « d political discussion. 
before the United Nation 


Assembly, for international 


Genera Between the time the advisory com 
January and its next 
May 23, the UN 
had to definitive 
preparations for the conference. This 
task. To do the job 
UN amassed a top-flight scientific 
Walter G. Whitman 
ee chart on preceding page Back 
this staff are the extensive 
organization and facilities of the UN 


oopera ttee met in 


tion in atomic energ, | montl meeting in Paris on 
atill 
conference on 


8-20 
has been done in the meantime to 


before the international Secretariat make 


August 


in Geneva, Switzerland A lot vas no 


remain 
peaceful use 
small 
make the 


this the largest exchange of nonsecret taff headed by 


atomic energy information to date 
Actual triggering of th 
idea didn’t occur until September 23 
le 


ceonterence ng up 


1954, when Secretary of State Dulles translators, interpreters, publications 
first 
General Assembly. On December 4 
1954, the Assembl 
mously adopted a resolution « 


ind other specialists. 

Whitman, 
department of 
Massachusetts 


proposed it specificall to the 
head of the 
chemical 


Institute of 


normally 
unanil engineering 
Tech 
Atomik 


nergy Commission’s general advisory 


General 
siling for it 
| 


‘an international technical conference nology and a member of the 


From thi 


moved 


point on 
World 


polities have played a minimum rok 


of governments.” 


things have rapidl committee, was named late in January 
On February 1, Hammarskjold invited 
emphasis has been on making this the 84 nations to attend the conference and 
Deadline for 


Vay 


technical conference called for in the to submit papers for it. 


resolution, For example ubmitting abstracts was set as 
UN Secretary 


marskjold’s first 


Dag Ham 


action tl 


Genera! 15; actual papers were due July | 


Abstracts Received 
Almost 1,000 


received from 17 


after passage of the resolution 
Randers i 

Randers, director 

joint Norwegian-Dutch atomic ener, a 


abstracts had been 


the dead- 


name Gunna 
consultant, nations by 
and over 50 nations had accepted 
program, completed a‘ working part the invitation to attend Both num- 
papers will still be 


lists 


to assist Hammarskjold. Other mem bers can still rise: 
bers are Ralph Bunche and I, Tehern 
chev, both members of the UN ff of five 


swecepted after the deadline, and 
man delegations together with 


The advisory committer unlimited number of official advisers 


the resolution, was made up p to present papers and participate in 


of top-flight scientists from the na discussion) aren’t due from participat 
ing countries until July 25 

that 
ited they will send delegations to the 
Aus- 
Bul- 


SSR, 


tions represented. It met in Januar 


and drew up a tentative program that Countries have already indi- 


opened with plenary sessions on world 
include: Argentina 
Austria, 
Burma 
Chile 
Kgypt, 
Federal 


Hungary, 


power needs and resources and pro conference 


ceeded to three-at-a-time simultaneou tralia Belgium, Brazil 


sessions on reactors and associated garia Byelorussian 


China, Cuba, Czecho- 
Finland 
Republic 


Ice] ind 


technology, radiation applications, and Canada 


medical and biological use slovakia France 


committee also drew up rule rerman Greece 


cedure that make it possibl 
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Cjuatemala India 


Jordan 
\ionaco 
Norway) 


Romania 


Israel Ital Japan 
Aixembourg. Me 
ds, New Zealand 
Poland, Portuga 
Marino, Sweden, Switzerland 


| ki in 


UsSsR 


Union 


} le R 
i, Thailand le at 


Africa 


dom, | ‘ Uragua ind 


ot soutl United King- 
Yugoslavia 
Whitman predicts 700 or more dele- 


yates and advisers ittend 


How the UN Staff Works 


On i few abstracts came in during 
the flood peaked the first two 
of May Thus it was 
that Whitmar staff of 


secretaries vas 


good 
planning 
scientific completed 
and working together | May 2 

s group too is an indication of the 


nature ot the conterence 


lly all of them work directly 


in atomic energ’ n their re 


progral 
Kgrounds 
theo- 


“tive countries. Their bac 


re from medical the py to 


hysies, but reactor design and 


Dp 
ipplications predominate 


major concern group 1s 


May 


rhning in i 


rs submitted In earl 

met eac! 
s 35th-floo 
N’s New 


green bla Kboard was an 


ceonterence room 


York he wiquarters 


the sessions of the confe 
Working together with a spirit 
complishment and cohesiveness 
discernible, they dis 
d the abstracts and started to fill 
Thus Whitman 
to present preliminary 
May 23 


whic h papers 


readily 


in the agenda outline 
uw able plans 
to the advisory committee by 
Principal problem wa 
choose for presentation (one tactor 


Wit maintaining some sort o! geo- 


graphical equilibrium especially in the 


plenal S@S8S810NS In vidition 1e88 
than half those submitted can be pre 
sented within the time limits. The 


remaining papers will howevel De 


published in the proceedings of the 
conterence 

Just when the proceed 
ivallable isn’t known 
<xpected time lapse son 
that the scientific secretaries w 


repare summaries of the papers that 


on't be presented Each session 


vould then include such a summar 
And the scientific secretaries probably 
will also help the conference president 
yrepare the over-all summary that 
scheduled to close the meeting 
officers. The pres 


preside nts 


Conference 
dent, or one ol! seven ce 
at all conference sessions 


Bhabha was named 


Wii preside 
Hom 


January; 


as president 


Hammarskjold named 
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W B. Lewis Canada), F. Perrin 
France D. V. Skobeltsyn (USSR), 
Sir John Cockeroft (UK), General B.C. 
deMattos (Brazil), and I. I. Rabi as 
vice presidents recently. 

UN service groups. Behind this 
seemingly simple transition from ab- 
stracts being submitted to papers being 
presented lies a welter of work. Ab- 
stracts (and in the future, papers) re- 
ceived by Whitman’s scientific staff 
had to be translated into the four 
official languages of the conference 
English, French, Russian, and Spanish. 
Copies of abstracts had to be sent to 
each delegation represented on the 
advisory committee, and to nations 
that will attend the conference. 

Translation is not an easy task; 
there's no completely up-to-date inter- 
lingual dictionary of atomic energy 
terminology. Thus one of the first 
tasks of the UN service groups was to 
set up such a glossary. 

Even more difficult than translation 
is simultaneous interpretation. Dele- 
gates to the conference can hear the 
proceedings in any of the four official 
languages. To accomplish this feat, 
UN interpreters have been studying 
atomic terminology since February. 

Finally, the proceedings will be pub- 
lished in all four languages. The 
problem here is whether a separate set 
should be published in each language, 
or whether each volume will contain 
four versions of its contents. As yet, 


no decision has been made. 


Exhibits, Other Activities 

Besides the conference program and 
proceedings, Whitman’s group is also 
concerned with exhibits and with 
choosing evening lecturers to augment 
the program by discussing various 
aspects of atomic research, 

Space for exhibits at the Palais des 
Nations, where the conference will 
be held, is limited. Thus the UN 
decided to restrict exhibits there to par- 
ticipating governments. Commercial 
and popular exhibits will be located at 
the exposition hall on the other side 
of the city; in April the UN announced 
that it had adopted a “ hands-off” atti- 
tude and suggested that interested 
parties deal directly with the exposition 
hall 

At least five countries have asked 
for space at the Palais. Canada has 
asked for 500 square feet; France, 
1,500; USSR, 2,200; U. 8., 4,000; and 
the UK, 5,000. It’s reported from 


one source that the downtown exposi- 


tion hall has been deluged with re- 


quests for space—British firms alone 
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Garni; 6, Richmond. 


have asked for 20,000 square feet, and 


}. industrial exhibit at the ex- 
position hall is assured. 
a New York public rela- 
tions firm, contracted for 10,000 square 
20 firms will exhibit 


Public attendance. 





GENEVA, Switzerland, is site of international conferenee on peaceful uses of atomic 
Conference sessions will be held in Palais des Nations, top left, which will also 
house government-sponsored technical exhibits. Industrial exhibits will be shown in 
exposition hall, bottom right, about four miles across city. Circled numbers show location 
of principal hotels: 1, Beau Rivage; 2, de la Paix; 3, des Bergues; 4, du Rhone; 5, Cornavin 
Map has been simplified; it shows only main streets 


meeting room at the Palais can hold 
about 1,200 people. There will be 
little room for others besides members 
of delegations. But the meetings will 
be open to the public, and the UN is 
considering some sort of priority sys- 
tem so that those actually working in 
the atomic energy field can be given 
preference for the few public seats 
For a list of titles submitted to May 


23, see page 76. 
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UN Received These Titles for Geneva Conference Papers by May 23 


NUCLEONICS has numbered the titles for easy reference 
in later issues to the conference program 
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Estimated fuel requirements 


heat additions 
shown in Fig. 1, give the data for Fig. 3. 
Based on these charts, the survey 


predicts a breakdown of the annual fuel 


anticipated capacity 


business in 1965 as follows: raw ma- 


$400-million; chemical reproe- 
essing—$140-million; fuel fabrication 
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TABLE 2--Unit Fuel Requirements 
(kilograms /megawatt-heat) 


Nat., depleted I 


Large Central Stations 
Inventory *300 130 
Make-upt % 4 
Recycley 200 45 
Small Plants 
Inventory 
Make-up 
Recycle 
Propulsion Plants 
Inventory 80 
Make-up ! 
Recycle 16 


Rt) 2.7 
60.09 
16 ] 


0 
0 


OO 
’5 


* Inventory, or fuel investment, includ 
ing the initial loading, the pipeline tie-up for 
fuel, fabrication, cooling processing 
and the inventory of 
ciated research and development activities 

t Annual make-up, including the quanti- 
actually 


resulting 


and 


materials for aaso 


sumed in the 


fuel 


con 


ties of material 
from 


reactor and losses 
fabrication and processing 
t Annual recycle rate, or the steady-state 


flow through the processing plant 
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ol the FRA can 
radiation sensitivity of the micre 


cally been 


presence ifect 


isms present in the food 


Phis article summarizes studies made 
vith P 
relatively 

ind 
; 


ler standard 


* 


eudomonas fluorescens which 


sensitive to radi- 


exhibits 


lOnIZINg 


ition constant behavior 
laborators 


Ih RA’s 


odium ascorbate and a combination of 


il! conditions 


wo sets of were used, 1.e 


disodium fumarate and monosodium 


giutamate 
Irradiation vith 


gamma rays trom the MIT Dept ol 


was accomplished 


Food Tec hnology cobalt-60 source 
I we nt 


, 
four-hour cultures of Ps. fluo 
rescens irradiated in 


were nutrient 


broth the 


mtter 


ind pea purée suspensions 
being used as an example of a 
commercial food product 


ble runs 


Compara 
each of these 


FRA’s 
Five-milliliter aliquots of the suspen 


were made in 


dia with and without 


trains of Pa 
first, Stanier 
this work, 
accident 


Dw 
The 
t of 


fluoreacens 


Strain 4.12 


were 
used 
was lost through a 
The Gaughran Strain 
for the fumarate experiment 





FRA Effect on Inactivation Dose 
Gamma Rays 


Idditive 


In nutrient broth 
Sodium ascorbate 


of P 


0. O505 


Fluorescens Exposed to Cobalt-60 


lverage 
inactiwalion dose 
No rep xX 1U 
of D 


Additive D 


additiwe 


fy samples f ontrol 


control 


100 


0 025 36 


0. O05 


Disodium fumarate * 


0. O19 


0 OO6 


Disodium fumarate + ’ 0 
monosodium glutamat 0.0 
a 
In pea puree 
Sodium ascorbate 


0 O25 


0 OUD 


Disodium fumarate 


0 O06 6 


* Culture changed before 


0 OSOE 


0 O19 


O19 


220 
220 
220 
220 
220 


wnier Strain 3.12 to Gaughran 





crTrenum 





e organ » irradiated 


le ** Neutraglas 


bacteriological diluting, plat- 


ampoules. 
sunting techniques were used 
summarized in the table 


1 definite effect of 
it the 1¢ 


sodium as- 
corbats , and 0.5% levels and 
0.3%) and the 


combination of disodium fumarate and 


ol disodium fumarate 


monosodium glutamate in nutrient 


brotl Similar results were obtained 
in pea puree 

These data indicate 
presence f FRA’s, the 
dose dD is 


of the isoefficiene,s 


suspension 
the 


inactivation 


that, in 
increased Calculations 


ratio, 1 


required to give 10 survival 


n presence of agent 


equired to give 10 survival 


without agent 


that, for approximately equi- 
concentrations the 
sodium ascorbate (0.05M 

1.37, whereas Burnett et al 
1) found that when FE 
ated in the presence of sodium hydro- 


the 


molar ratio tor 
is only ap- 
proximately 
coli was irradi- 
was 3.7 


isoefhiciency ratio 


for sodium hydrosulfite 

The studies reported herein are of 
viditional value in that they add fur- 
ther e to the theor 


destroyed by 


idence that micro- 


organism are lOnIZINg 


radiations indirectly as well as by direct 
hits 
Additional 


porulating, anaerobic organ- 


work Is necessary to as- 


as those used for thermal 


processing studies, react in a manner 
to that observed with Ps. fluo- 
FRA’s, that 


an appreciable in- 


Similar 


reacena in the presence ol 


is, if they exhibit 


in the isoefhiciency ratio 


* * . 

ra pe Contributior 0. 216 
ch MIT) ia taker 

bmitted by Philip 8S. Rane 

t of the requirements for the S. B 

Food Te V asesa 


stilule of 


Dept. of 
part from the 
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hnology at the 
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FIG. |. Fluorophotometer photo tube and filters are installed in housing that can be adjusted so that fluorescent light from sample shines 
directly on tube. Tube base is removed to reduce leakage. Filters, same as those used by Neuman ef al. (1), isolate fluorescence 


line at 5,550 A. Four thumbscrews move ultraviolet source housing to best focusing position 


. something could be learned about the 
A Simple D-C Fluorophotometer factors influencing sensitivity, i.e., 
1. The effects of aging and variations 
. 4 of the ultraviolet light. 
for Detecting Uranium 2. The effect of various methods of 
preparing the sodium fluoride buttons. 
3. The sensitivity of various methods 


By MORRIS F, MILLIGAN and RICHARD J. WATTS due 
Los Alay Scientific Laboratory b= : 
ro 


Semen Mien Manin isolate and investigate these 


effects would be an arduous, time-con- 

suming task. It is the purpose of the 

orescence of uranium under used recently for detecting uranium in present investigation to show that a 
let light (first recorded by urine. Although the instrument de- simple workable instrument can be 
1852), using a uranium salt scribed here (Fig. 1) was developed for built with the same sensitivity as other 

th sodium fluoride, has been this purpose, it was anticipated that methods, and that the practical limit of 
detection is not bounded by the elec- 





tronic circuitry. 





Victoreen 


Zero set Circuit 
“Coarse” mn ; 
100k To get some idea of the various effects 
noted, the electronic circuit must not 
75 wie contribute anomalies. Thus, a siniple 
5540 Burgess = type of slide-back-voltmeter arrange- 
clean core- | Zero este ‘ 
ful ly position : 4 5 volts ment was chosen. Because of the low 
45 volts ; 


i 30 voits| 9540 Burgess 
Eveready 487 | cteotite , currents from the phototube, it was 


On 
ers = $ a thought that the d-c technique of Neu- 
G) 00! wo per man et al. (1) could be further improved 
= Se ae heasichvase with an electrometer tube. The cir- 
6 volts Helipot-O1% lin O~ima cuit chosen (Fig. 2), therefore, is of a 
with W-IO duo-dial set to O5 moa 


O50 Gurgees slide-back-voltmeter electrometer-tube 
cathode-follower type that has been 

















mee used extensively in this laboratory for 
' 
' 


some years (7) 











Pr re 
FIG. 2. Electronic circuit, providing impedance conversion rather than voltage gain, is not ocedu 


a cathode follower, since electrometer-tube gain is about unity. However, it is self- In general, the procedure for prepar- 
compensating for filament-emission changes—moajor source of instability in d-c amplifiers. ing samples is similar to that of Neu- 
Change across cathode resistor without galvanometer connected is }¢ volt for I-volt san ef al. (1) and Price. Ferretti. and 
change on grid; with 0.01-ua/mm galvanometer in circuit, 3-mv chonge on grid can be 
observed. Advantage lies in circuit's high stability and null operation; grid is returned 
to original potential by 5k helipot biasing resistor; linearity is thus largely determined by 
linearity of helipot and voltage coefficient of high resistance in grid circuit sample are flamed over an open gas-air 
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Schwartz (3). 
The platinum dishes containing the 
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ner, the flame of which is kept con 


tant with manometers on both the 


gas and air lines. The 1|-min fusion 
time starts when the last bit of sodium 
fluoride melts. At the start of timing 
the flame is moved slightly to the side 
to allow the flux to spread evenly over 
he dish, then returned so that the dish 
iins over the center of the burner 
min time lapse should be allowed 
before returning the dishes to the porce 
iin plate, to permit uniform freezing 
lf air drafts are kept at a minimum 


better fusion are obtained Too 


evere drafts during fusion cause the 
flux to turn yellow, which lowers the 


fluorescence, Sometimes refusion of 
the vellow flux clears it to the usual 
vhite crystals 

The measurement of the amount of 
iranium is comparative so that a 
standard stock solution is made, plot 
ting grams against vernier readings 
After dissolving 2.11 gm uranyl! nitrate 
hexahydrate in one liter of 2N nitre 
wid, a series of 1-to-10 dilutions 1s 
made to obtain a final concentration 
milliliter of 


Volumes of 25, 50, 75, and 


of O.OL pe uranium per 
;OlutioONn 
100 microliters (or 20, 50, etc.) are used 
ind the curve plotted with these points 
Separate graphs have to be made for 
higher concentrations measured on 4a 
check for 
drift, blank readings are taken between 


less sensitive scale. To 
each set of unknowns and the difference 
Blank 


pike readings provide a check on the 


iveraged in the calculations 


possible contamination of blanks and 
ilso check the instrument 


In caleulations, the blank readings 


btracted from those of the un- 
knowns to give the exact vernier read- 
ing of the sample to be read on the 
graph. Readings from the graph are 
in grams per 100 microliters. Urine 
samples are reported in micrograms 
uranium per liter of urine, and air sam- 


' 


ples in total micrograms per sample. 


Figure 3 is a typical calibration for 


the instrument on seale 2 By this 
procedure, over a period of 3 yr many 
been 


hundreds of samples have 


inalyzed 


Sensitivity Factors 


With this experience, it is possible to 
draw some general conclusions as to 
the nature of the instrument and the 
procedure 
Effects of aging and variations of 
u-v light source. In practice, the light 
ee turned onon Monday morning 
rned off the following Friday 
nm. A new bulb shows an in 
in intensity of approximately 
alter 


remains at a constant intensity 


1 period of two weeks 


ral months; thereafter it gradu- 
nes. This general behavior is 
ident of voltage regulating 
riers 
ire wide variations in intensity 


between lamps from various manufac 


turers, but in general they all show the 
same behavior 
We believe this behavior ts attributa 
w the following 
to check the 


of the electronic circuit in- 


ble to the light source fi 
reasons: It is very easy 
sensitivit 

wsmuch as a given change of duodial 


setting should always deflect the galva- 





TABLE 1—-Uranium Determinations 
Made on NYO Samples 


l'ranium concentrations 


ud liter 


Vew York (Jpera 
1/amos fion irue 


sults 


2 
51 
i! 
1] 

0 


TABLE 2—Comparison of Los Alamos 
and NYO Instruments 


anitum concentration 


ud l¢ 


Standard 


solution 


10 
10 
10 
10 
10 
10 
100 
100 
100 
100 
100 
L100 
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WESTON 


CORMAG’ Mechanism 


Shown in combi- 
nation cutaway 
and phantom 


Why these WESTON 


PORTABLES 


excel in 


STABILITY...RUGGEDNESS...SHIELDING! 


WESTON 
Drritumenia. 
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Familiar in external appearance, all these portables are totally 
different inside. The movement employed is the highly stable, 
shelf-shielded WESTON CORMAG® mechanism. The dif- 
ference is evident, in service, in several ways, The movement 
is far more rugged... more resistant to vibration and shock 

thus protecting instrument accuracy and dependability 
over far longer periods. There never need be concern about 
external magnetic fields, for the yoke design provides a per- 
manent magnetic shield. ..so efficient that an instrument may 
be used at a distance of only 15 inches from a conductor 
carrying 1000 amperes and show an effect of less than 1/10 
of 1%. And the instrument is far lighter in weight... more 
convenient in handling. Complete details on these Weston 
CORMAG® portables may be obtained from your local 
Weston representative, or direct from WESTON Electrical 
Instrument Corporation, 614 Frelinghuysen Avenue, 
Newark 5, New Jersey. 





is for atom 


You can put a billion of them on 
the head of a pin, but they’re still 
the biggest thing in the world to 
day—and still hold pzactically lim- 
itless possibilities for tomorrow. 

That’s why our Research De 
partment decided to explore those 
possibilities for the benefit of in 
vestors — has 
findings in a 32-page report that's 


just published its 
yours for the asking. 

The booklet begins with a brief 
history of atomic energy and the 
people who brought it about 
gives you a pretty good idea of 
just how far we've come up to 
now then takes up in turn 
each of the important factors that 


should influence the future 


You'll 


review on the problems of produc 


find a thorough going 


tion see why thorium, phos 
phates, and processing play a big 
part... read how the fortunes of 
163 companies in everything from 
pharmaceuticals and food to trans 
portation and power may be af 
fected as the atomic age progresses. 

If you'd like to have a much 
better idea of just where to stand 


on the investment 


opportunities 
in atoms, read “Ture ATOM 

AND INvestTors.” There's no charge 
call or 


for your copy, simply 


write— 


Deparimer ti NC-3e 


MERRILL LYNCH, 
PIERCE, FENNER & BEANE 


70 Pine Street, New York 5, N. ¥ 


Offices in 106 Cities 


nometer a given number of di 


InsiOns 
Phis effect was always checked with a 
blank that was made from the same lot 
of C.P. sodium fluoride 

Effects of NaF button preparation. 
Experience has shown that the prepara- 
tion of the sodium fluoride buttons is 
the most critical operation in the whole 
method. The buttons should crystal- 
lize as uniformly as possible to a white 
occasionally brown have 
appeared that affect the 
but the addition of 10% 


bonate minimizes this condition 


color: spots 
sensitivity 


sodium cal 


variations in the 
fluoride, al- 


though spectrographic analysis of vari 


There are wide 


backgrounds of sodium 
ous samples has not shown conclusive 
reasons forthis, At present the method 
consists of trying sodium fluoride from 
arious sources and selecting the sam 
ples with the lowest background. An 
acceptable batch of sodium fluoride on 
cale 2 of this instrument gives a read- 
ing of 22-44 divisions on the duodial 


The cleaning of the platinum dishes 
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FIG. 3. Typical calibration of fwuoro- 


photometer 


mportant because of the sensitivity 
Che dishes 
trated sulfuric acid in a large platinum 
dish until all the flux dissolves, then 
hydro 


re peated 


are first cleaned in concen- 


rinsed well and boiled in 1:1 


chlorie acid, followed by 


rinsings and boilings in concentrated 
nitre acid, Clean dishes should be 
kept in concentrated nitric acid all the 
time, and before using brought to a 
boil and rinsed at least three times with 
distilled water 


The 
nethod of cooling the buttons 


depends on the 
The 
flame to 
dish 
Some preliminary experiments indicate 


that 


fluorescence 


best practice is to move the 


one side rather than move the 


fast cooling is better than slow 


cooling 


Experiments indicate that fluxing 


ind cooling in an argon atmosphere 


iv be desirable As a result of this 


proces the buttons were loose in the 


p 


dish, and to turn them 


It WAS POssIDILeE 
out 

Sensitivity of the electronic detec- 
tor. Scale 3 of the present instrument 
is completely 
background leakage of the light source 
background of the blank 


instrument 


unusable, because the 
and the 
sodium fluoride threw the 
completely off scale 

With the light off and no blank 


This is demon- 


grid 
current is negligible 
zero position 
Any 
volt- 


strated by zeroing on the 
ind then switching to scale 3 
grid current then develops a grid 


} 


re across the 2 x 10 resistor 


The 


settings s« 


ohm 


fag 
ind disturbs the zero 


zero 18 the both 


setting 
same on 
t! grid current may be assumed to be 
gible 


negilp 


We therefore conclude that, although 


on this scale 


there available an creased sensi- 


tivity of 20, it is unusable because of 
the other factors 

As a further check on the sensitivity 
of our instrument, in 1951 samples were 
exchanged between Los Alamos 
the AKC New York Operations Office 


These samples were spiked so that only 


and 


the originating office knew how much 
uranium they contained 

The York Operations instru 
ment | that 


amplified 


New 
different in the 


the fluorescent 


sense 
signal is 
by photomultipliers using modulating 
ter hniques 

lable | 


Los Alamos found compared with the 


summarizes the values that 


true value calculated on the basis of a 
weighed amount of uranium oxide by 
the New York Operations Office 

Los Alamos prepared 12 samples by 
the method described: 6 
contained 10 yg liter 


Table 2 sum- 


prev LOUBLS 
1 
LIyippie 


contained 100 v2“ liter 


and 6 


the values that were found on 


Alamos ind New York 


marizes 
both the Los 
instruments. 
Inasmuch as it is evident that the 
igreement by these two totally differ- 
ent instruments is quite acceptable we 
nelude that this simple instrument 
the same sensitivity as other meth- 
measuring the fluorescence 
> + > 

to thank Shirley J 
Johnaon for thei 
work The 
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hach and Victoria E 
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Designed and now being built by North American 

n, Inc., is this Sodium Graphite Reactor Experiment 
irawing, right) which will be operated by North 

1 as 4 project for the Atomic Energy Commissior 

j Graphite Experiment wil! be used in 


a 
odium special 
idies aimed toward the development of a heat source 


that might eventually be used for the production of 
mpetitive power. In this experimental unit, heat pro 
juced by the reactor is absorbed by liquid sodium, 
which is pumped to the main heat exchanger, where it 
s absorbed and exhausted through another sodium 
ystem. In the actual production of electricity, this heat 
i be used to produce steam to drive turbo generator 











out this @XPerience 


to work for you in 





nuclear reactor development 


1948 North American Aviation has been a 

e contractor to the Atomic Energy Commission. 

earch Reactors have been designed and built 
by North American for AEC contractors. 

A complete program of engineering development 

iding design, evaluation and experimentation 

been conducted for production and power re- 


r 
i 


prin 
Re 


I 


r 
il 


\tegrated program for investigations in nu 
cience, reactor materials, radiochemistry 
ther allied fields is currently underway. 











Designed and now being built by North American Avis 
tion, Inc., for the Armour Research Foundation, th 

rst nuciee reactor for private industrial rese 
g reactor development or any other project iret nucseer reactor lor private industries 


United States. (Drawing above.) Armour 
h atomic energy can be put to productive 


American Aviation invites your inquiry re 


h in the 
will use this re 
actor for research in peaceful applications of 

is in the case of proposals now in process energy. This uranium water solution type reactor pro 
th American will provide all services necessary duces neutrons and radiation which are useful in medical, 
ictor development, manufacture and opera industrial and scientific research, 
iring the widest possible range of reactor 

110Nn. 


phase of the North American reactor de- 


ment program is supported by 4 highly inte- 


ston 


a4 


} 


skilled organization. 
reactor development is undertaken in ac- 
ith the provisions of the Atomic Energy 
1 subject to approval of the Atomic Energy 
ission. Please address your inquiry to: North 
an Aviation, Inc., Nuclear Engineering and 
ifacturing, Downey, California. 


organization, facilities and 


orem tee Morth American Aviation jecr: creo: 


in aircraft... atomic energy ... electronics . . . guided missiles . . . research and development 
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Parscope 


For 


“HOT SPOT” 


Remote Observation 


A custom designed industrial periscope 
is very often the answer to “Hot Spot” 
remote control handling, instrumenta- 
tion and observation. We have designed 
and manufactured many such peri- 
scopes. 


if you have a problem calling for a 
periscope or for any precision optical 
system, check with us. For nearly half a 
century Kolimorgen has designed, de- 
veloped and manufactured precision 
optical products including Industrial and 
Naval Periscopes, Fire Contro! Devices, 
Projection Lenses and Navigational In- 
struments for Industry and for the Armed 
Services. 
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Plant 947 King Street, Northampton, Mass. 
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CdS-Crystal Probes Are Convenient 
for Dosimetry in Body Cavities 
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Ro -CdS distance 





150 
Volts 


100 











FIG. 1. Variation of CdS-crystal response 
with d-c potential across crystal and with 
12-mg Ro needle at various distances from 

Minimum dark resistance of crys- 
~10° ohms 


crystal, 
tal is 





—— 


Bross Eejca S crystal |_| Cement 


icm 











FIG. 2. Light-tight crystal assembly con- 
sists of threaded aluminum or brass tubing. 
Center of tubing is filed out to half its 
diameter; crystal is cemented here with 
sealing wax, providing insulation for 
0.09-mm copper wire and crystal. Wire 
can be soldered to crystal previous to 
mounting (special solder compound supplied 
by X-Ray Dept., General Electric Co.). 
Projectile-shaped cover—same material as 
crystal support—is screwed over threaded 
tubing and secured with Woods metal 
solder; cover eliminates most softer X-ray 
components, and wavelength changes oc- 
curring in the absorbing object do not af- 
fect dose measurements so much 





and 2.5 min 24 


20 
Time (min) 











FIG. 3. Time for amplified crystal output 
current to reach stable value after post- 
irradiation periods of 2.5 min to 24 hr 


By W. S. MOOS and 
F. SPONGBERG 


De partment of Radiology 
V edicine, 


inows 


College lL niwwers fy of Illino 


Chicago, I 
Although cadmium sulfide crystals 
have 
for low 
(1. 2 
these 1 


been in use as principal elements 
energy X-ray-beam stabilizers 
the smallness and economy of 
stals, thei: 


photos lectric properties and self-con 


together with 
tained amplification, make them a de- 
sirable addition to radiation detection 
and measuring instruments. 

The: 
5 mm 
1.5 
suchact 


verage size of a crystal is about 


] 


long or less and approximately 


mm in diameter. The smallness of 
ystal permits its being mounted 
This is 


constructing 


in probes of very light design. 


of particular interest for 
probes used in medical radiology, where 
measurements 


intracavitary radiation 


ire desired Ionization ‘hambers could 


not compete in sensitivity with such 


crystals at relatively low-level radiation 
sources, such as in radium applicators 

The radiation response of CdS erys- 
tals, which varies from crystal to crys 
tal, is wavelength dependent (see table 
and varies with the d-c potential ap- 
plied across the crystal (Fig. 1). Since 
CdS crystals are also sensitive to visible 
light, they must be enclosed in light 
tight chambers (Fig. 2). The chamber 
is small enough to be sealed to a USCI 
X-ray USA 10 Bard 363 


catheter It is also possible to build 


urethral 


a crystal into a larger-sized hypo- 


needle, although losing flexi- 
this 


might eventually 


dermic 


bility in way. This light sensi- 


tivity be of interest 
in the design of 6-particle detectors 
making use not only of the crystal re- 
action to the particles, but also of the 
scintillation characteristics of plastics 
and liquids, 

To obtain readings at the very low 
dose rates frequently encountered in 


feed the 


coming from the crystal into a 


radium dosimetry, one can 
signals 


small d-« 
One of the great disadvantages of 


feedback amplifier. 


such erystal-operated dosimeters is the 
long time needed to reach a stable out 


put current during irradiation.* Fig- 


rdmium selenide tals have an 


mately 10x 
loss of 


faster response how 


their sensitivity is about 


vortional 


June, 1955 - NUCLEONICS 





| NOW... 


AN ESPECIALLY CREATED RESEARCH ORGANIZATION 
CRITICALLY EXAMINES THE STEP-BY-STEP PROGRESS OF 


Atomic Energy in Industry 


Semi-Monthly Reports Issued 





rPNHE APPLICATION of atomic energy to industry is proceeding at a speed totally 
| unsuspected by most businessmen. For example, in 1951 when the Atomic 
Energy Commission invited private industry to make studies of the economi 
feasibility of nuclear power, only 8 companies accepted. Now 65 separate util- 
ity, manufacturing, research and construction firms have entered the field. 


New developments have made necessary constant revision of objectives, It is 
now estimated that within five short years nuclear energy will affect in one way 
or another more than half of all the industries in the United States. 


Never before has a new industry had available to it such unlimited funds. 
lor example, when present construction is completed, the AEC will have a plant 
worth approximately 8 billion dollars. This exceeds the combined investment of 
General Motors, DuPont, United States Steel, Bethlehem Steel, The Aluminum 
Corporation and Goodyear Rubber. 


Direct benefits already have come to many industries through the practical 
application of nuclear energy. Recently developed isotopes are saving many of 
our pipeline companies half a million dollars a year. More than 300 companies 
are saving up to $100,000 annually. An industrial concern now can test the 
strength of metals with an isotope costing $250 which does the work of $25,000 
worth of radium. 


Scientific laboratories, research organizations, businessmen and _ investors 
concerned with the coming nuclear-engendered industrial revolution, are in- 
vited to write on their own letterheads for a brochure describing the vital twice 
a-month Atomic Energy Reports issued by this Bureau. They are prepared with 
same thoroughness as previous reports of our staff on the Petroleum Industry, the 
Power Industry and Agriculture. These Reports are eminently practical and 
will keep the recipient up-to-date on every phase of nuclear development sched- 
uled to affect business both here and abroad. 








NUCLEAR ENERGY RESEARCH BUREAU 
68 William Street . New York 5, New York 


—- — 
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ATOMIC 
INDUSTRY 


A Commentary) 


FRAMEWORK 


on the Atomic 
Energ} Act of 
1954 


by Herbert S. Marks 


and 


George F. Trowbridge 


Framework for Atomic is, 


atomic 








examines and discusses the 
energy law and explains its history, 
purposes, and provisions, insofar as 
they relate to participation by pri 
vately-owned business organizations 
in the development of peacetime ap 
plications of the atom 

The new system of control, licens 
ing, and 
analyzed, and full descriptions are 


for 


clearance requirements, patent pol 


regulation is carefully 


provided declassification and 
icy, power poli y, requirements for 
and 


foreign commerce in atomic 


pe rmissible 


fac ili 


Government aid, 
ties and materials 

A special feature is the annotation 
of the Joint Committee Report to 
show changes made on the floor of 
thus a complete 


Congress, giving 


record of Congressional action in 


one document. 


Partial Contents: 

Background of law Facilities 
control—Materials control—In- 
formation control—Patent poli- 
cy—Power policy—Government 
aid — International activities — 
Joint 
AEC 


and 


Committee functions — 
organization — Licensing 
Administrative 


$12.50 


regulation 
procedure 








BNA incorporated 
1231 24th Street, N.W 
Washington 7, D. C. 


Please send me copies of Frame- 
work for Atomic Industry at $12.50 per 
copy. I understand that if the book does 
not meet my needs I may return it within 
10 days for full cancellation of charges. 

0) Check enclosed () Bill me later 


Nome —_—___—_——— 














ire 3 shows that approximately 24 min 

required to obtain the maximum 
reading if the crystal was not exposed 
After 
rest intervals, the maximum 


to radiation for 24 hr or longer. 
shorter 
urrent is reached earlier. After inter- 
vals of 2.5-5 min, the fastest response 
to maximum reading is obtained, which 

about | 
current after removing the radiation 
little affected by 
Becker et al. (8) reduced the response 


min. Restoration of zero 


source 18 


time. 


time of their instrument by placing it 





Wavelength Dependence of CdS* 


KV, HVL ya per r/min 


50 1.6 mm Al 1.0 
100 0.75 mm Cu 8.0 
250 4.5 mm Cu 6.0 


Ra 1.6f 


* Applied d-c potential is 100 volts 

t Own measurements; the rest of the data 
was supplied to us by the General Electric 
X-ray Dept. 

















FIG. 4. Typical crystal calibration 


near a radium source while not in use 
We modified this idea by placing some 
C™* right next to the crystal (0.1 ye 
inside the shell, 


but not significantly, probably due to 


This had some effect 
insufficient amounts of C'*. The input 
resistance of our amplifier was variable 
in increments of 10 with the highest 
sensitivity at 10’ olims 

Although all measurements are re- 
producible and accurate, each crystal 


assembly needs its calibration 
chart 
Fig. 4 


tion of a brass probe chamber is shown 


own 
\ typical chart is shown in 


The angular response distribu- 


in Fig 5 

Preliminary results obtained from 
phantoms and two patients indicate 
good agreement with the expected re- 
sults. Further investigations and im- 
provements are contemplated. A pos- 
sibility is that the registration of pulses 
produced in the crystal by 7- as well as 
B-radiations might permit faster dose 
analysis than d-c amplification. 

” * * 


The authors are very indebted to Dr. Jacobs 
of the X-Ray Dept., General Electric Co., who 
gave very valuable advice and supplied the CdS 

ystale and special solder 
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t CdS crystals seem to be efficient for 


such techniques. They yield . approxi- 
mately l-mv pulses for 1,000 volts/em with 
a 10°*-sec pulse rise time and 10~*-sec dura- 
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Hines Veterans 


Hines, Il 


communications by T. 
Radioisotope 
Administration Hos- 


tion 
Fields 
Unit, 
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Director, 











Ro-CdS distonce: x +*15",e=2", a= 3" 








FIG. 5, 


Angular dose-rate response of crystal. 


At left, distribution in axis plane of 


crystal chamber with 10-mg Ra needle at points equidistant from crystal; maximum direc- 


tional deviation of output current is 20% of maximum reading. 


At right, distribution with 


axis of probe at center anc 12-mg needle placed in concentrically located holes drilled in 


Lucite; maximum angular deviat'on is < 
was 10’ ohms 


In both cases, amplifier input resistance 
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In the event of surprise attack, today’s new and more powerful 
USAF Tactical Air Command can now carry war to the enemy any- 
where in the world—around the clock and in any weather. 

Here at a glance are some of the elements that might be used in 
such an attack and which are contributing to Tac Air’s new mobility 
and striking power. 

In modern warfare, major fixed bases are certain to become targets 
for initial enemy action. The Martin zero-length launcher makes pos- 
sible swift mobility and advance-area operation of the TM-61 Matador 
tactical missile and—if need be—of piloted jet fighters. 

In addition, new versions of U.S. Air Force’s B-57 bomber, a major 
tactical weapon, are now being developed for service. 

And for tomorrow’s Tactical Air Command arsenal, new and more 
powerful Martin weapons systems are on the way. 


MVE AA FET 8 ae 


BALTIMORE MARYLANO 








NEW INSTRUMENTS 
IN SECONDS WITH 


Wetectolab 


BUILDING BLOCKS 


Building 


your tech 


Here is another new 
Block" allowing any of 
nicians to adapt your present 
nuclear instruments to an entirely 
new use in a matter of seconds 

.only as long as it takes to 
plug in a connecting cable. You 
can save money and time while 
accomplishing more. 

The DA3 Linear Pulse Ampli 
fier ‘‘Building Block’ 
small pulses from a scintillation 
counter, proportional counter or 
similar device, to a level where 
the pulses can be seen on an oacil 
loscope. The pulses may also be 
counted with a scaler or counting 
rate meter, The DA3 is a com 
plete instrument in itself and may 
be connected to instruments other 
than associated "Building Blocks 


amplifies 


SATISFY PRESENT NEEDS AND BUILD 
FOR THE FUTURE WITH 
DETECTOLAB "BUILDING BLOCKS" 


Quality 
where 


miGtcanie An offilicte 
SM UUMuLiM of Borg-Warner 


eor instruments Corporation 





Dispenser for Radioactive Solutions 


By NORMAN S. RADIN* 
Radioisotope Unit 

Veterans Administration Research 
Hospital 

Chicago, Illinois 

and De partment of Biochemistry 
Vorthwestern University 


Evanaton, Illinois 


Tracer doses of Nal'* for thyroid- 
uptake studies can be measured out 
conveniently by utilizing the principle 
of the constant-flow buret, t which per- 
mits dispensing known volumes of 
liquid from a reservoir by controlling 
the duration of flow rather than by 
observing buret or pipet markings 
hus 
sive radiation exposure can be avoided. 
\ large batch of diluted radioisotope 


can be made up, calibrated once, and 


with mechanical control, exces- 


used over a period of several half-lives. 
This technique could also probably be 
adapted readily to similar needs 

Che equipment (see Figs. 1 and 2) is 
readily assembled and requires no great 
skill or special machinery 

Che solenoid is operated by an elec- 
tric timer clock (General Electric model 
STA48AA]1) 


pecifie time period and requires only 


which can be set for a 
one push of a button to reset the clock, 
turn on the solenoid, and turn it off. 
Less conveniently but more economi- 
cally 


tric switch can be used in conjunction 


an ordinary hand-operated elec- 


with a stop watch, or the solenoid can 
be eliminated and the plunger pulled 
by hand 


Operation 

The first time the apparatus is used, 
it is filled with about 200 ml of water, 
via B: then the solenoid is energized to 
ensure removal of air bubbles in the 
outlet tube 
iodide are then added and the funnel 


Several moillicuries of 
washed down with another 200 ml of 
water. After the pinchelamp on B is 
closed, the solution is mixed by sucking 
10-15 outward 


strokes of the syringe plunger, or some 


air through C, using 
other vacuum source. 

Since the volumes of water and radio- 
iodide solution added to the reservoir 


* The work was done with the technical 
sssistance of Gustav Barnes 

tJ. K. Taylor, E. Escudero-Molins 
Anal. Chem. 21, 1576 (1949) 


bottle are not accurately controlled, it 
is necessary to calibrate the solution 
each time the bottle is refilled. There 
is no need to drain the bottle before 


1 J ; 

FIG. |. Dispensing apparatus consists of: 
(A) 500-mi Pyrex aspirator bottle; (B) 
addition funnel fitted with pinch clamp and 
rubber tube; (C) glass tube drawn out to 
fine capillary at bottom; (D) short tube 
connected by rubber tubing to greased 
syringe of 10 or more mi; 5-mm-o.d. glass 
tube seoled to bottom outlet of bottle, 
which is connected by 3-cm-long rubber 
tube to (E) 5-mm tube having drawn-out 
tip; (F) solenoid operated on 110 volts, 
a-c, bolted on 2 * 4 board; bottle and 
lead shielding are mounted on 2 X 4's 


min 
“b sssanoesoseoeestesoocnaay 
J 


UZ 


FIG. 2. Flow controller is solid-frame 
solenoid, continuous-duty type, with '-in. 
stroke and 14-oz pull (catalog No. M8W, 
McMaster-Carr Supply Co.); metal bar 
(G) is inserted into solenoid-plunger slot; 
hole is drilled in plunger and bar and metal 
rod (H) inserted and ends bent, permitting 
connection with springs (J); G presses 
against rubber tube to shut off flow. 
Springs ore stretched sufficiently to prevent 
leakage but not so much that solenoid cannot 
pull plunger away from rubber tube. 
Power failure cannot cause solution loss 
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G-R aad 


Nuclear Power 


From the start of the use of nuclear power The Griscom-Russell 
Company has been adopting and designing heat exchange 


equipment for this modern industry. The experience of G-R in 
specially designed heat transfer equipment throughout the years 
is available to meet your requirements. 


Extended Surfaces for Heat Transfer Efficiency 


3K6—Helically finned tubing 
for use in lightweight airborne 
equipment where the fluid 
outside the tubes has a cross- 
flow for metal temperatures 
up to 1600° F, 


Double Wall Tube... 


to prevent interleakage due to 
tube or tube joint failures. 
Can be monitored with 

inert gas. 


Pen eS 


15K24—Helically finned 
tubing used in stationary 
installations where the fluid 
outside the tubes has a cross- 
flow for metal temperatures 
up to 1600° F. 








G-Fin Pipe—an efficient 
extended surface for longi- 
tudinal flow for metal 
temperatures up to 1600° F. 


SPECIAL DESIGNS 
for New Problems 
is Our Forte 


The Griscom-Russell Company has made heat exchan ger designs for use with — 


High Pressure Water Reactors @ Sodium Cooled Reactors @ Helium Cooled Reactors @ Boiling Water Reactors 
© Homogenous Reactors (Aqueous and high temperature) 


THE GRISCOM-RUSSELL CoO. 
MASSILLON, OHIO 


A SUBBIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 


J 3%, Heat Exchangers 


HEAT TRANSFER APPARATUS 
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| refilling, since the residual activity is 
| relatively low. However, the first 
| 7-8 ml must be discarded because of 
| the residual low-activity solution in the 
| outlet tube. 


To dispense the solution, the syringe 


| plunger is pulled slightly until some 


bubbles come out of the capillary C. 
The solenoid is now actuated by the 
timer clock and the dose collected in a 


| wax-paper cup for ingestion by the 


patient. It is important that the 


| initial slight vacuum be present; if any 
| length of time elapses between succes- 
| sive doses, the plunger should be pulled 


again until bubbles issue. 
The liquid flow rate is independent 


| of the amount of liquid in the bottle 
| and depends primarily on the vertical 


distance between the tips of tubes C 
and £, as well as the flow resistance of 
the constricted tip of Z. The solution 
temperature is also a factor, since the 


| viscosity is affected; we found only a 


slight effect, the flow rate increasing 


| about 2% with a 6° C rise. To reduce 


the importance of temperature cor- 
rections, we have kept the dispenser 


| in an area of minimum temperature 


fluctuation. 
Lead shielding is readily placed 
around the reservoir bottle, and, if 


| desired, around the wax-paper cup and 


the thin tubing coming from the bottle. 
In fabricating the metal bar, G, the 
edge touching the rubber tube should 


| not be too sharp and it should be 


parallel to the wooden board on the 


| other side of the rubber tube. When 


the apparatus is not in use, the syringe 
should be disconnected to avoid push- 


| ing liquid up tube C. 


Before filling the dispenser with 
radioactive liquid, a suitable dispensing 
tip must be chosen to give the desired 


| flow rate. This is easily done by dis- 
| pensing into a graduated test tube or 
| cylinder. It is not important to know 
| the flow rate accurately since the radio- 


activity per second must be determined 
each time the bottle is refilled. How- 


| ever, it is wise to check the performance 


of a new timer clock at various time 


| settings, most accurately by weighing 
| the samples delivered. 


Results 


Test data for our apparatus are 
shown in the table. On any given day, 
the standard deviation in flow rate is 
1.2% or less, the variability decreasing 
with increased dispensing time. This 
is probably due to variations in the 
clock action. The maximum deviation 
from the mean is 2.7% of the average 
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Uranium Refinery 


MODEL for Tomonvrsw 


The full scale commercial uranium refining 
plant—of which this is a model—is now under 
construction at Port Hope, Ontario, and will 
be completed in 1955, the first of its kind in 
Canada. With engineering and construction by 
Catalytic, it will make available to Eldorado Min- 
ing and Refining, Limited (a Crown Company) 


CATALYTIC ON-TIME...ON-BUDGET SERVICES 
for the atomic energy, chemical, petrochemical 

and oil refining industries « Project Analysis « Process 
Design « Economic Studies « Engineering + Procure- 
ment « Construction « Plant Operation 
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the most advanced processes for uranium 
refining. This new example of our services 
in advancing uranium technology portrays 
Catalytic’s position of leadership in the industry 
of tomorrow. We welcome your inquiries today 
—that Catalytic’s on-time, on-budget services 
may contribute to your success of tomorrow. 


CATALYTIC 


CONSTRUCTION COMPANY 
1528 Walnut St., Philadelphia 2, Pa. 
In Canada: 

CATALYTIC CONSTRUCTION 

OF CANADA, Limited 

Sarnia, Ontario 








You're looking into a“hot’’ lab 


through a Corning Radiation Shielding Window 


You can see clearly through this observation window and still be perfectly 
safe from gamma radiation 

Corning Glass Works offers you three kinds of glass especially developed 
to absorb radiation and still give workers complete and permanently 
clear visibility. 
Corning Code 8365 is a non-browning stabilized lime glass with a density 
of 2.7 and refractive index of 1.52. 
Corning Code 8362 is a non-browning stabilized lead glass of extremely 
high transmittance with a density of 3.3, a refractive index of 1.59. This 
glass matches dense concrete in shielding protection. 
Corning Code 8363 is a special high lead glass with a density of 6.2 and re- 
fractive index of 1.98. This glass approximates the shielding protection 
of iron, 

These glasses have been installed in windows with a total glass path 
exceeding 200 density inches 


Design and Specifications 
You can get completely assembled windows, filled with index oil, ready for 
installation in wall openings. Individual pieces of glass are available in face 
sizes up to 70” x 100” and in thicknesses up to 9”. Or, you can obtain design 
assistance from Corning for any window size or style. 
For performance data on Corning Radiation Shielding Glasses, write to 
Atomic Energy Sales Department. We'll give your request prompt attention. 


Technical Products Division 


w CORNING GLASS WORKS 
33-6 CRYSTAL STREET, CORNING, N. Y. 


Coenung means reseacch i Glas 





Test Using Nal'*! Solution 


Actu uy 
Sam ple per 
weight second* 


qm ( ! f cpm REC 


906 
905 
SU! 
409 |?) 


0 


0 
0 
0 
0 
Aver. 0 
8.D. 0 


S & 


BS5 . 
. 899 
4 


tS © © Ww & 
tS 


Dey ww wv wv 
’ - cm Cn 


x 


0 

0 

0.259 

0.258 

0.261 
Aver. 0.260 Aver. 8 
§.D. 0.0012 8.D 


266 943 .{ 
260 909 
263 902 . 4 
262 936 
262 905 
Aver. 0.263 919.! 
8.D. 0.0020 17.3 


0.254 SOS 

15 0.255 89O 

18 0.256 900 

19 0. 256 885 

12 0.255 897 

Aver.0.255 Aver. 888 
S.D. 0.0002 8.D. 


3 
2 
4 
7 
4 
4 
3 


* Corrected for background, counter- 


efficiency fluctuation, and radioactive 


decay 





flow rate, while the standard deviation 
is 1.3% of the mean. The variations 
from day to day seem to be due in part 
to temperature differences. 

In the test run with radioactive 
sodium iodide solution, the doses were 
collected in 30-ml serum bottles, which 
were diluted to the neck 


shaken, and counted with a crystal 


stoppered, 


scintillation counter. It is our prac- 
tice to count high-activity samples by 
covering the counter well with a lead 
cup that accurately positions the bot- 
tle and reduces the counter efficiency 
to a practical level. Due to variations 
in the geometry of the bottles, slight 
This, 


and the intrinsic counting error, result 


counting errors are obtained. 


in the higher standard deviation, 1.7% 
of the mean for the entire series. The 
activity is 


maximum deviation in 


5.0% of the mean. This variability 
can be reduced by calibrating the bot- 


tles and correcting the readings. 
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PUMPS FOR 


FIVE BASIC APPROACHES to nuclear fluid 
handling have been developed. Four are “zero 
leakage” types: (1) the canned motor pump; 
(2) the submersible motor pump; (3) the gas 
filled motor pump; and (4) the oil filled motor 
pump. These four types employ special electric 
drive motors close-coupled to the pump with 
the entire unit hermetically-sealed. The 
fifth approach, a “controlled leakage” type, uses 
a mechanical seal to confine leakage along a 
shaft driven by standard electric, gasoline or 
diesel motor or steam turbine. 


Byron Jackson Co.’s Nuclear Section offers 
unusual advantages in all nuclear pumping 
approaches. Not ory is Byron Jackson an 
experienced producer of all nuclear pump 
types, but BJ is the only company which 
designs and manufactures all three major ele- 
ments: pumps, special pump motors, and high 
precision mechanical seals. Since 1872 BJ has 
held leadership in engineered pumps. Since 
1936 BJ has pioneered in specialized pump 
motor design. Since 1940, BJ has set the pace 
in mechanical seal development. BJ originated 
two of the parent nuclear pump designs . 


Whatever your radioactive the mercury-sealed submersible motor pump 
fluid problem or other nuclear in 1936, “grandfather” of canned nuclear 


; ; pumps... and the stuffingboxless pump devel- 
pumping req y tel te oped in 1945, “father” of the basic canned 
Byron Jackson Co, nuclear pump design. 


scientists and engineers first. 


as ) Byron ackson C0. 


Nuc lear Pum] ; 
be hed & 2. yet Som aie). 
Los Angeles 54, California 
MAILING ADDRESS PO. Be 2017, Terminal 
TELEPHONE: LUdiow 7-617 
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Positive Protection 
for Reactors and 
Power Plant 
Equipment 


EDISON's new OMNIGUARD 
provides protection against excessive 
temperatures in liquids, gases, bearings 
and other critical points 

Any way you look at it OMNIGUARD 
is the economical answer to vital tem 
perature measurement for power stations, 
process industries and manufacturing 
plants — 


* True unit design—each control 
ling four points. Buy only the 
number of units you actually 
need, Add more later as required 


* Installation costs reduced by 
50% or more—group units where 
needed, 


You'll find it well worth your while to 
investigate OMNIGUARD, a remarkable 
development from the world-famous 
EDISON Laboratory 


One pair of wires 
carries signal to 
remote annuncia- 
tor, Warning 
sounds the instant 
trouble occurs 


Monitors are 
added as needed. 
Each circuit is 
“on guard” at all 
times. No scan- 
ning or circuit 
switching to delay 
alarm. 


Resistance tem- 
perature detectors 
protect the critl- 
cal temperature 
points. 


Thomas A. Edison 
INCORPORATED 
INSTRUMENT DIVISION 


40 LAKESIDE AVENUE 
WEST ORANGE. NEW JERSEY 

















FIG, 1. 


Two air samples from different sources are pulled through machine by blower; 


dust is removed by dual electrostatic precipitator and collected on each side of 134 X 


0,003-in. moving aluminum tape. 


with ZnS screens; alpha activity on both sides is counted. 


Tape then moves between two 5819 photomultipliers 


Signals pass through dual- 


channel counting-rate meter and subtracting circuit; difference voltage output from sub- 


alarm system, 


| tracting circuit is passed through vacuum tube voltmeter to strip-chart recorder and audible 
if one sample intake is in monitored enclosure and other near source of 


clean or normal air, differential counting-rate meter subtracts background, avoiding wait 


for short-lived Rn-Tn count to die out 


Monitor for Airborne Alpha Particles 


By D. J. KNOWLES 

Instrumentation and Controls Division 
ak Ridge 
Oak Ridge, 


Vational Laboratory 


Tenne ssee 


To help cope with the radioparticu- 
late problem, a monitor for airborne 
alpha particles has been developed at 
ORNL and is described here 


Design Considerations 
The the 
()-1263 airborne-alpha monitor were a 


specifications for model 
compromise between convenience to 
the user, physical dimensions, and re- 
sponse time. Figure 1 shows the over- 
all plan of construction. 

The precipitator (Fig. 2) concen- 
trates the dust from a large volume of 
air to get the counting rate up to a 
Precipitation was 
filter 


paper or a greased plate since an inex- 


reasonable y alue. 


chosen for concentration over 
pensive aluminum tape can be used for 
the collector without the possibility of 
self-absorption as in the filter paper; 
and collection of the important sub- 
Fur- 
month’s 


micron sizes is quite good (4). 
thermore, 
supply (continuous operation) of tape 
put the The 
tape is discarded after one use since 


approximately a 


can be into machine. 
cleaning the tape for reuse would be too 
Thin- 
ner tape was tried, but tore easily and 
The 


tape used is thick enough to screen 


elaborate to be economical (@ 
tended to flutter in the air stream 
high-energy alpha particles on one side 


A test 
of the precipitator showing precipitator 


of the tape from the other side. 


efficiency for various air flows using an 


oil smoke is shown in Fig. 3. 
For the alpha detectors, flat glass 
plates were attached to the rounded 


FIG. 2. Precipitator chamber is fluoro- 
thene plastic. Tape seporates two air 
samples until after precipitation; air 
streams enter at back of box and flow to- 
ward front, merging as they leave front. 
Blower exhausts air to atmosphere through 
muffler. While adherence of dust on tape 
is excellent, very heavy deposit would 
come off on exit guide rollers; therefore, 
exit rollers have dropped center portion 
so that they bear on edge of tape. Pre- 
cipitator uses point-to-plane geometry (5). 
Grinding burrs with }<-in. ball heads are 
used for points; sharp edges provide good 
ionization pattern. Nine points, 44 in. 
apart, cover 144 X 114 in. area, approxi- 
mating active area of multiplier. Air pip- 
ing was designed originally to move air as 
close to streamline flow as possible—ball 
points were pulled up out of air stream to 
avoid eddys. Testing with oil smoke 
showed better efficiency with ball points 
down in air stream; tips of points were 
lowered to point %¢ in. above tape. 
Cross section of air streams is 146 XK 1340 
in. Additional efficiency and higher sensi- 
tivity could be obtained if preionization 
region were added to air stream ahead of 
precipitator. Tape moves 4 in. from cen- 
ter of precipitator to center of detectors at 
1 ft/hr; time lag between collection and 
alarm is 15-20 min 
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The Problem 


The importance of air monitoring is | 
indicated by recent evidence (3) that air- 
borne contamination is a more important 
factor in determining the health hazard | 
than surface contamination, 

Large inspired particles (10-20 mi- | 
crons) are rejected by expiration or by 
the ciliary process, although they may be | 
swallowed with the throat phlegm. Since | 
smaller particles (2-micron diameter and | 
less) are more likely to reach the extremi- | 
ties of the respiratory system and be re- | 
tained in the alveoli (1, 2), they present a 
greater hazard. 

The initial hazard is damage to the 
lung tissue. If the particles are elimi- 
nated by phagocytes, they are carried to 
into the blood stream 
and to the kidneys and bone marrow. 

Although beta emitters are more of a 


the lymph nodes 


lung hazard than alpha emitters, our | 
interest in uranium and plutonium moni- | 
toring dictated the utilization of alpha- | 
particle scintillation detectors. The tol- 
erance for uranium is 3 XK 10™"' we per 


cm? of air and for plutonium, 2 k 10~-™ 


ye per cm®. These tolerances take into 
account the radiation half-lives and the 
effective half-lives in the body (300 days for 


cranium and 48,000 days for plutonium). | 


Two air-monitor design requirements 
are therefore apparent: (1) The monitor 
must not discriminate against extremely 


small sizes of particles. (2) It must be | 


capable of detecting extremely small 
amounts of activity. 

Also to be considered is the alpha back- 
ground (4). Small quantities of Rn**”* 
and Tn and their daughters are present 
in the air; the controlling daughters are 
RaB (26.8-min half-life) for radon and 
ThC or C’ (10.6-hr half-life) for thoron. 
Thus, although the alpha background is 
the same order of magnitude as the con- 
tamination monitored, measuring the 
sample 4 and 28 hr after collection per- 
mits radon to decay over several half-lives; 
the amount of contamination can be 
found by caleulation, using the ThC de- 


cay ¢ onatant. 





ends of the 5819 photomultipliers with 
Gelva resin, which is quite transparent. 
A silver-activated zinc sulfide screen 
was then applied to the flat end with 
thinned rubber cement (7). The ends 
of the 5819 tubes are within '¢ in. of 
the moving tape. Testing with a 
known alpha source has shown the 
counting efficiency, including the geom- 
etry, to be 38%. 


The counting-rate meter is quite 
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companion flanges 


“John Crane’’ chemically inert, corrosion, heat and fatigue resis- 
tant bellows (made of Teflon) are now available furnished with 
companion flanges. Flanges conform to American Standard bolt 
hole circles and numbers. 

Strength, service life and flexibility have been increased through 
development of a new convolution form. Bellows are formed at full 
free length, thus reducing residual and working strain to a mini- 
mum. Expansion and contraction in either direction takes place 
with equal freedom of motion. Operating temperature ranges from 
—300°F. to + 500°F. . . . pressures to 75 psi. 

Bellows flanges are French-type gasket construction to provide 
highest possible sealing efficiency at low flange pressure. Resilient 
insert materia! is asbestos or synthetic rubber. 

Investigate “John Crane’’ Teflon bellows with companion 
flanges for your “hard-to-handle” applications . . . vibration damp- 
eners . . . expansion joints . . . flexible con- 
nectors. Supplied to fit any pipe size from 4 ” 
through 12”. Other designs for metering pumps, 
pressure accumulators, batching scales, 
hydraulic systems and similar applications. 

Contact “John Crane” for full information, 
including booklet, The Best in Teflon. Crane 
Packing Co., 1849 Cuyler Avenue, Chicago 
13, Illinois. Jn Canada: Crane Packing Co., Ltd., 

617 Parkdale Ave., N., Hamilton, Ont. 
* DuPont trademark 





Very soft beta emitters may now be counted 
efficiently, quickly, and with great precision with 
the new LP-1 or LP-2 Liquid Phosphor Counting 
Systems manufactured by Technical Measure- 
ment Corporation. In the process, refrigerated 
photomultiplier tubes in coincidence measure 
the light output from a liquid scintillator in 
which the radioactive sample has been dissolved. 
The LP-1 counts one isotope at a time, while the 
LP-2, with dual scalers, counts two isotopes of 
different energies (i.e., Carbon 14 and Tritium) 
at the same time in the same sample. 


T.M.C. Liquid Phosphor Counters routinely 
count without oil coupling C14 with 70% effi- 
ciency and a background of 50 epm (50cc liquid 
sample), and Tritium with 20% efficiency. 


T.M.C, Liquid Phosphor Counters do not count 
glass phosphorescence or produce spurious 


pulses when counting energetic beta emitters. 


Price: LP-1 $5300 LP-2 $6500 


* 
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FIG. 3. Collection of precipitator with 
diocty! phthalate aerosol (0.3 micron 
radius) and 8.25 kv from points to tape. 
In normal operation, 3.6 ft*® of air are 
drawn through each channel per minute 
with 34% precipitation efficiency. How- 
ever, amount of material collected does not 
vary greatly with changes in flow if 
product of efficiency and ft*/min is 
considered 


standard circuit-wise. Each channel 
consists of a cathode-follower preampli- 
fier next to the photomultiplier and 
connected by coaxial cable to the main 
chassis. The two channels are still 
separate at this point and consist of one 
stage of amplification, trigger pairs that 
generate square pulses of uniform char- 
acteristics for each input pulse, a pump 
circuit to pass the square pulses to a 
polystyrene-insulated integrating con- 
denser with a high-resistance bleeder, 
across which is measured a voltage pro- 
portional to the input counting rate. 

The difference of the two rates being 
the quantity desired, the subtracting 
circuit obtains this information. The 
voltages from the two independent 
channels are applied to the grids of a 
dual-section tube with independent 
cathode resistors. The cathode volt- 
ages of this tube are now proportional 
to the counting rates of the two chan- 
nels; reading the difference between 
the two with a vacuum-tube voltmeter 
allows the calibration of the voltmeter 
in terms of the differential counting 
rate. 

lhree ranges have been put into the 
counting-rate meter. These are 0-100 
0-200, and 0400 cpm. Fractional 
probable error is less than 1%, though 
it tolerance (9.5 cpm) the variation on 
the recorder is quite large. Larger 
lamping would be desirable except 
that the addition of larger integrating 
ondensers of good quality takes up a 
urge space and, further, increases the 
response time of the counting-rate 
ircuits 

The counting rate at background 
swings both positive and negative. 


For this reason, the zero point is set at 





“Canning” uranium fuel elements at Sylvania’s Atomic Energy plant, Hicksville, L. 1., N. Y 


Sylvania has produced thousands of fuel elements for atomic reactors. 


Specialists in the heart of the reactor— 


Wirn more than seven years of 
successful experience in solving ad- 
vanced technical problems in atomic 
Sylvania has long been a 
fabricator of reactor fuel 
elements and assemblies. 


energy 


leading 


Sylvania’s Atomic Energy Division 
is equipped to supply production 
quantities of standard fuel elements 

or special designs to meet your 
particular requirements. Our research 
and engineering staff will gladly co- 
operate with you in developing new 


or modified fuel elements and related 
reactor components. 


When you submit your reactor 
problems to Sylvania, you benefit 
from the combined skills and experi- 
ence of more than a hundred special- 
izing scientists and engineers—plus 
the facilities of a plant thoroughly 
equipped to manufacture fuel ele- 
ments, assemblies, and accessory 
equipment. You benefit, too, from 
Sylvania’s quarter-century of exper- 
ience in developing high-integrity 


materials and components through 
the use of metallurgy, chemistry, 
physics and electronics. 

Whether your reactor plans are im- 
mediate, or for the future 
scientific and engineering staff will 
gladly discuss your problems with 
you. Call, or write to: 


Sylvania’s 





SYLVANIA ELecrric Propucrs INc. 
Atomic Energy Division 
Post Office Box 59 
Bayside, N. Y. 


SYITVANIA + 


ATOMIC ENERGY DIVISION 
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Whatever 
Your 
Vacuum 
Needs... 


BEACH- 
RUSS 
Can Meet 
Them 


Beach-Russ Model 0 
Portable Vacuum Pump 


Beach-Russ High Vacuum Pumps are 
available in a complete range of types 
and sizes to meet any vacuum need 
From the smallest | c.f.m. portable unit 


for testing and delydrating work, to the 
Be 
large 1800 c.f.m. units for process opera rye #50 


tions, these precision-buil! 


BEACH-RUSS 
Vacuum Pumps 
give 

Fast “Pump-Down”’ 

High Efficiencies 

Quiet, Vibrationless Operation 

Long Service Life 


If you are planning a new installation 
or are in need of technical advice, get 
in touch with Beach-Russ 


BEACH-RUSS COMPANY 
Dept. 66 * 50 Church Street « New York 7, N.Y. 


(~] We are interested in Beach-Russ Vacuum Pumps for 


[) Send copies of General Bulletin No. 89. 


NAME 
COMPANY 


ADDRESS 


ciry ZONE No STATE 


TTT riririiririiirtititit sl 
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FIG. 4. Aijr- and light-tight box contains 
tape-drive mechanism, precipitator, and 
photomultipliers to prevent air leakage into 
air streams and consequent loss of accuracy. 
Box, blower, two power supplies, counting- 
rate meter, and strip-chart recorder are 
mounted as self-contained unit in relay 
rack on wheels 


30 divisions on the 100-division scale 
of the recorder; 70% of full scale 
resents 7.35 times the uranium 
jlerance on the 100-cpm scale. The 
counting rate may swing 6-8 epm posi- 
tive or negative on background, making 
readings at tolerance and below uncer- 
tain; however, twice tolerance and 
above is easily discernable at a glance. 
An over-all test to check operation 

is possibie with prepared alpha sources 
on thin steel plates. A small door on 
the front of the light-tight box can be 
opened and one or two known sources 
inserted in holders in front of the ZnS 
screens. When operation is resumed, 


the sources provide known counting 
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to each channel and trouble in| 
any section can be quickly localized by 
process of elimination. 

Figure 4 shows the internal arrange- 
ment of parts, except that the photo- 
multiplier tubes and the precipitator | 
have additional electrostatic shielding 
in the form of small metal boxes that 
fit over them. 





4 meter-movement relay with an 
adjustable upper-limit set point doubles 
1s a panel meter and alarm relay that 


Write For Our Specifications 


operates a bell in case of a rise in activ- 
ity to the set level. (This relay was 
installed after the photographs were 
made A miecroswitch on the alumi- 
num tape also rings the bell if the tape 
should break or run out. 

4 second model of Q-1263, Q-1541, 
has recently been put into service. The 


@ 30 Wott Transistor Magnetic Amplifier 


@ 64 Scaler 


@ Linear Amplifier 


differences in the two instruments are 
as follows 

1. The tape drive in Q-1541 is inter- 

nt rather than continuous. Sensi- 

; thus increased, since if a 15- 

iin sample is taken, all of the material 

is deposited on one spot 144 in. long, 

which then is moved under the detector 





to be counted; the activity is twice as 
high than if the sample had been spread | 
over 3 in. of tape. 

2. A light shutter used between 
the precipitator and the photomulti- 


@ Composite Safety Amplifier 
@ Magnet Amplifier 
@ Linear Preamplifier 


pliers prevents light from ares, which 





occasionally occur in the precipitator, 
from reaching the photomultiplier. 
Experience with the two machines to 


ARCHBALD, PENNSYLVANIA 


date is limited other than for the use 
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of the prepared samples. No large 
ises in airborne activity have occurred 
at the points where the machines are 
located since their installation. This 
known since air monitors of other 
are in use at these locations. 

the machines have given 

ervice as long as routine mainte- 


@ Log Count Rate Meter 
@ Sigma Amplifier 
@ Period Amplifier 


has been followed. 


* * * 


The mechanical system was designed in its 
entirely by Mr. H. J. Stripling, Jr. and Mr 
Joseph Weidley, Mr. T. H. J. Burnett of | 
ORNL Health Physica Division supplied | 
much of the background information and Mr. 
Le s Bradshaw of the same Division did all 

the bration with oil emoke. All of these | 

lions are gratefully acknowledged 
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NUCLEAR REACTOR CONTROL INSTRUMENTATION BY 


Division of Daystrom, inc. 





NUCLEAR ENGINEERING 


Cost Data on the U. of Michigan Research Reactor 


By W. K, LUCKOW and 
L. C. WIDDOES | 
Phoeniz Project 

University of Michigan 
Ann Arbor, Michigan 


The facility for the University of 
Michigan research reactor consists of a 
268,000-ft* reinforced-concrete building 
containing a i-Mw 
type reactor, as shown in the figure 
As the table indicates, the project has 
cost $989,385 as of February, 1955 
With the additional estimate? **" 00 
for staff costs to complete the srojoci 
total cost will be about $1,901,885 

When the reactor project was started 
it was not possible to purchase a re- 
search reactor for a reasonable lump- 
sum price. Thus, it was decided that 
the Michigan Memorial Phoenix Proj 
ect would contract for design of the 
reactor, which subsequently would be 
fabricated and installed on the basis of 
lump-sum bids. 

Design of the reactor and its building 
was monitored for the University by a 
full-time project engineer and two part 
time engineers, all of whom were gradu- 
ates of the Oak Ridge School of Reactor 
Technology. This group also handled 
the reactor safeguards 
with AEC. Extensive 
many areas was received from members 
of the University faculty and staff 

Included in the staff costs in the 
table are $7,155 spent in preparing the 
major safeguards report and $7,492 ex 
pended for other hazards studies and 
negotiations with the Atomic Pnergy 
Commission. This 
first high-power swimming-pool-type 
research reactor proposed without an 
exclusion area other than the building 
itself, Less time and expense should be 
required to obtain AEC permission to 
build and operate this 
the Commission’s present 


swimming-pool 


negotiations 


assistance in 


reactor was the 


unit under 


safeguard 


* Officially known as “The University of 
Michigan Ford Nuclear Reactor 

t Paesent Appress: Atomic 
Monsanto Chemical Company, St. Lou 
Missouri 


104 


Project 


Reoctor control mechonism 
Recepticai box —.. 
Bridge cubical~_- ¢ 
Receptical boxes =<, y 
Traveling bridge 


Suspension frame «| 


Standord 
concrete 


Borytes 
concrete 


Reflector and 
fuel elements —~ 
lon chambers - 
8" port 
Pool outlet- 
header to heat 
exchonger 





Port fill and 
drain volves 


Bridge power 
line reel 


Thermal column 
door 


wa" Thermal column 
™—— Control and sofety rods 
~~ Motrix plote 
™ Vent voive 
“Port plug 
\ Port door 
6" thru ports 


REACTOR is of basic swimming-pool type modified for forced-circulation and heat-remov- 


al equipment so as to operate continuously ot | Mw. 
and two 8-in. diam.) are spaced around three sides of core. 


Twelve beam holes (ten 6-in. diam. 
A6 X 6 X 8-ft graphite 


thermal column is activated when core is moved about 8 ft from beam-hole position. 
Pneumatic tubes are ‘provided in which samples originating at seven stations can be 
irradiated and returned, Auxiliary equipment includes a transfer coffin for handling 


beam-hole experiments, and a coffin for shipping spent fuel. 


Ample storage space is 


provided for cooling irradiated samples before examination or testing 


policies applying to this type reactor. 
The building is so constructed that 
if gaseous radioactive contamination is 


released inside, less than 10% will 


escape each 24 hr thereafter, provided 
that atmospheric conditions are nor- 
Office 
970 ft? in the building while 


mal and control-room space 


occupy 


Project Progress 


Spring '52—University decides to ac- 
quire reactor facility 

June Propose project to the 
Atomic Energy Commis- 
sion. 

Ford Motor Co. 
$1-million for facility. 


Project staff organizes and 


Vay donates 
Sept. 
starts full-scale effort 

De '68—Report to AEC’s advisery 
committee on reactor safe- 
guards. 

Start detailed design of re- 
actor* and building ;+ award 


March ’: 


contract for reactor control 
instrumentation package. 
Recewe approval from AEC 
with operating instructions 
Open sealed bids on con- 
struction of building§ and 
fabrication and installation 
of reactor.* 

Feb, Reactor scheduled to go 

critical. 


* Babcock & Wilcox Co., Akron 2) 


TSmith, Hinchman and Grylls, Inc 
Detroit, Mich t Leeds & Northrup Co., 
Philadelphia, Pa § Jeffress-Dyer, Inc., 
Ann Arbor, Mich. 
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Om 


OALOHM... 


You can depend on 





TYPE RS 


but mighty | 
MINIATURE POWER 
RESISTORS 


For all applications where the equipment must survive 
the most environmental, shock, and vibration 
conditions 

Completely welded from terminal to terminal. Silicone 
sealed, offering high di-electric strength, maximum heat 
dissipation, and maximum resistance to abrasion. Im 
pervious to moisture, salt ions, vapor and gases. 











severe 


Three wattage ranges: RS-2, 2 watts; 
RS-5, 5 watts; RS-10, 10 watts. 
¢ Temperature coefficient 0.00002 /Deg. C 
e Ranges from 0.1 ohm to 55,000 ohms depending on type 
e Tolerances 0.05%, 0.1%, 0.25%, 0.5%, 1%, 3%, 5% 
Centorm to Applicable JAN and Mil Specifications 
WRITE FOR BULLETIN No. 8-23 


DALE PRODUCTS, Inc. 


1314 28th Ave., Phone 2139 Columbus, Nebraska 


Export Dept.—Pan-Mar Corp, 
1270 Broadway, New York |. NY 


' The Ball and Disc Integrator 
is a precision ( 01%) inte- 
grating mechanism with 
super-finished balls and tung 
sten carbide disc. A special 
oiling device provides per 
manent lubrication. Small 
size, light weight and design 
simplicity make it suitable 
totalizing, rate 
determination, differential 
analyzers, or as a closed loop 
servovelement. Also effective 
as a precision variable speed 
drive, Write for detailed catalog 
information on this or other 
computing, controlling devices 


BALL ano DISC 
INTEGRATOR 


PRECISION 


LONG SERVICE 


for use in 


SPECIFICATIONS: 


Width: 1%”, Length 2%”, 
Height 344”, Weight 21 oz 


Computers and Controls 


1,000 ft? 
Operating areas surrounding the reac- 
tor cover an additional 5,300 ft?. A 
10-ton crane is provided to handle 


laboratory space occupies 


heavy equipment in and out of the pool 
and from floor to floor. 

The $1.5-million Phoenix Memorial 
Laboratory adjoins the reactor build- 
ing. It complements the reactor fa- 
cility by providing extensive equipment 
for experimental work. A cave in this 
building has remote handling equip- 
ment capable of handling 10,000 curies 
of Co” 

In interpreting the costs, consider- 
ation should be given to the fact that 
no overhead was paid on any staff 


Also, the 


built in a location where electric power, 


costs building is being 
gas, water, steam heat, roads, and other 
On the 


other hand, the reactor building costs 


facilities are already available. 


somewhat more than a strictly func- 
tional building because it conforms to 
the over-all architectural plan for the 
north campus of the University of 


Michigan. 





Cost of the Reactor Project 


lten Cost $) 
~46,679 
Technical salaries (as of 2/55 20,885 
Travel 2/55) 3,447 


Supplies, phone, secretary’s 


Project staff costs 
8 Ol 


and miscellaneous ex- 

penses (us'of 2/55 10,347 
Estimated staff costs, 2/55 to 
2/56 

Design costs 

Building 

teactor and auxiliaries 
Construction costs* 
Building 
Air dryer 


salary, 


™ 12,000 
46,523 
36,911 

9,612 
774,183 
506,970 
10,500 
517,470 


base price 


Re actor 


thermal column) 


base price, including 

141,400 
22,600 
10.605 
12,895 
13,894 
9,830 
8,489 
7,000 

256,713 

134,000 


30,000 


Fast pneumatic system 
Shipping coffin 
Transfer coffin 

System instrumentation 
Cooling tower 

Water purification 


11 
Pool lining Tf 


Miscellaneous costs 

ite improvements 

Construction supervision by U. 
1,000 

100,000 


of Mich. supervising architect 
Hot cave in adjoining building 
NU, 
5, p. 11, for the building includes 
tower the 


$527,300 bid reported in 


dryer and cooling 
$164,000 figure reported there for the re- 
actor includes the pneumatic system 
+t Estimated cost of tile lining 
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SPECIFICATIONS 


INPUT 
20 to 35V DC 
ot approx. 5 m.a. 


QUTPUT FREQUENCY 
400 or 500 cycles 


Type 2007T 
+ —.02% from —65° to + 85°C. 


Type R2007T 
+ —,002% from + 15° to + 85°C. 


Type W2007T 
+- —,005% from —65° to + 85°C. 


OUTPUT VOLTAGE 


5 volts, sine wave. 


Substantially uniform 


aos NS FREQUENCY 


several times that of vacuum tubes 


mre oct MOUND STANDARDS 


MAGNETICALLY SHIELDED 
HERMETICALLY SEALED These units, which are the result of several years of development 
OCTAL BASE and testing, offer a new standard of simplicity and reliability. 

SIZE . . . . . 
ap. Va Particularly noteworthy is the uniformity of output signal voltage 
WRONT with temperature change. Small size and light weight make them 


7 oonass ideal for airborne and portable use. 











COMPLETE INFORMATION ON REQUEST For applications where only higher B voltages are available, a 


PLEASE SPECIFY TYPE 2007T simple voltage reducing circuit may be used. 


American Time Products, Inc. 


580 Fifth Avenue New York 36, N. Y. 


MANUFACTURING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 
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b. 
— TERMINAL RADIO — 
INTERNATIONAL, LTD. 


assures you of the fastest, most efficient, most 
economical world-wide service for all major 
lines of electronic equipment and component 
parts, Long established as leaders in the field 
of exporting Nucleonic products, TERMINAL is 
exclusive export sales agent for the following 
internationally-famous companies 


ePRECISION 


RADIATION INSTRUMENTS, Inc. 


world's largest manufacturer of portable radiation 
instruments 


COMPONENTS DIVISION OF 


VICTOREEN 
INSTRUMENT COMPANY 


world's foremost manufacturers of components for 
radiation instruments 


HYCON mre. co. 


popularly priced electronic test equipment, includ 
ing Digital Voltmeter, Vocuum Tube Volt-Ohm 
meter, Oscilloscopes and Sub-microsecond Camere 


Ld CONTINENTAL Connectors 


Division of DEJUR-AMSCO 


« MENLO Research pensar apa 


manufacturers of the famous  Fivoretor’’ an 
“Uroniom Test Kit, 


© FORMA Scientific Co., Inc. 


manufacturers of scientific equipment and labore 
ory apparatus; specialists in electronic tempera- 
ture and humidity contro! 


Terminal Redio International, Ud. offen « 
complete export service to the Nucieonic field —Special 
Packing to assure safe arrival * Efficient, economical 
shipping methods * The Know-how to focilitete all 
datails and custom requirements, and to expedite the 
procurement of export licenses. 
FREE A detailed 4-page brochure describ. 
ing TERMINAL’S world-wide service 
is available FREE, on request 
Detailed catalogs and specifications ore 
available on request and without obligation 


TERMINAL RADIO 
INTERNATIONAL, LTD. 


85 Cortlandt St., New York 7, N.Y 
WoOrth 4-3311 
ible Address. TERMRADIO 








A new nuclide Mv?*® has been produced and 
identified by University of California Radiation 
Laboratory radiochemists, Ghiorso, Harvey, Chop- 
pin, Thompson and Seaborg. Still more are anticipated. Techniques grow 


New Element: 
Mendelevium-101 


more complicated to match the smaller numbers of atoms available, their 
increased instability against spontaneous fission, and the multistep production 
methods required. To produce the new :o,Mv?* ~10* atoms of 20-day 
99° were electroplated onto a thin gold foil and bombarded with a 10-yamp 
18-Mev helium-ion cyclotron beam. Transmutation recoils, ejected in a 
narrow spray, were caught on an adjacent 0.1-mil gold foil. The catcher foil 
was dissolved, the gold extracted with ethyl acetate, and the remainder 
further purified in an anion resin column. The small residue was eluted 
through a cation resin column to separate the various actinide elements from 
each other. A few spontaneous fissions were detected at the 100 and 101 
positions in the column. 

4 more elaborate experiment showed that there was spontaneous-fission 
activity at the position corresponding to element 101. The mass number is 
not certain, but it is probably 256 since alpha decay is expected to be more 
probable for odd-mass-number isotopes and alpha decay was not observed 
even under more sensitive conditions. Thus the production is probably by 
an (a,n) reaction, Decay is by electron capture to 100*** which then under- 
goes spontaneous fission with 3-4-hr half-life. Since the fission activity is 
observed with essentially the same half life at the 101 position the half-life 
of 10, Mv*"* is deduced to be ~'¢ hr. In all, only 17 atoms of the new element 
were isolated, which accounts for the uncertainties in mass and half-life. 


, 101, 102,103,104, . . . Discovering element 101 raises the question 
of the prospects for discovering the succeeding elements. B. G. Harvey has 
written an interesting report (UCRL-2976) on this problem. Elements 99 
and 100 were produced from Pu*** in the high neutron fluxes of the MTR 
by a series of repeated neutron captures followed by 6~ decays to the next 
higher element, but this technique will probably fail to make elements above 
Z 100. This is so because 100?*° fissions spontaneously with a half-life 
of the order of 3 hours. Thus there is little chance of its remaining around 
long enough to capture another neutron and make 100? . and theory 
indicates that 100*** must be reached before the 6~ decay to 101 occurs. 

There are other modes of production however: element 100 has been made 
by bombarding uranium with cyclotron-accelerated oxygen ions, element 101 
has been made by alpha-ray bombardment of 997° as related above. Thus, 
though the numbers of atoms produced will be few and half-lives will be short, 
there is every reason to anticipate the identification of trans-mendelevium 
elements. In particular, element 103 is expected to be the last of the rare- 
earth-like actinides and 104 will be analogous to zirconium and hafnium 
Finding these will be further tribute to Mendeleev, the first to apply the 
periodicity of chemical properties to the discovery of new elements, and to his 


scientific progeny as well, 


Scintillators comparable with those grown from a 


Making Scintillators 
by Compaction 


melt can be made by compacting microcrystalline 
powders. Size has been limited to cylinders about 
Ly in, in diameter and 44 in. long, but this is not an inherent limitation. Acti- 
vated microcrystalline powders are squeezed together under 100,000-psi pres- 
sure in an evacuated double-piston die. Pressures are held 5-15 min and the 
material removed, Nal(Tl) and KBr(T)) scintillators have been compacted 
successfully, but ZnS(Ag) failed to cohere. Compacted Nal(T1) scintillators 
gave 35-85 % of the Cs'*’-gamma-ray pulse height obtained with single-crystal 
scintillators; compacted KBr(T1) consistently gave 90% of single-crystal, 

This work was done by L. Reiffel and H. V. Watts at the Armour Research 
Foundation. The compacting techniques have been used previously in 
infrared analysis where samples are compacted with infrared-transparent 
alkali halides. This suggests the possibility of compacting beta-active mate- 
rials in seintillators to provide standards counted in 49% geometry. 
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“CANNED ROTOR” PUMPS PAY OFF IN 
LOW UPKEEP COSTS, NO FLUID LOSSES 


NUCLEAR SERVICE REQUIREMENTS SPUR 
LEAK-PROOF PUMP PRODUCTION 


UNIQUE CHEMPUMP DESIGN 
SAVES TRICHLORETHYLENE 
USER $45 A DAY 

Philadelphia, Pa 


electrical 


Officials of a large 
switchgear manufacturer 
recently stated that $45 per day sav- 
ings of trichlorethylene resulted from 
installing a Model CF Chempump 
on a distillation-type degreaser. Fluid 
losses with the ordinary centrifugal 
installed averaged 25 gal- 


previously 


” 


lons a day. “On top of this,” they 
stated, ‘we had to repack the pump 
every two days. We'd tried all kinds 
of packing, some of them very expen- 
sive—but without luck. Since install- 
ing the Chempump, we haven’t lost 
a drop of solvent, and there has been 


absolutely no maintenance.” 





Design secret of the Chempump 
lies in combined construction of 
pump and motor, which elimi- 
nates seals, stuffing boxes, lubri- 
cation, long external shafts, etc. 
[he Chempump allows pumped 
fluid to enter rotor chamber: a 
corrosion resistant liner isolates 
stator windings. Chempumps are 
available in sizes from 4% to 7% 
horsepower, and in a wide variety 


‘ 


of construction materials. 














Less than two years ago, only one 
company in the country was produc- 
ing and marketing a canned-rotor 
pump. Today, spurred on by the 
atomic energy program, half a dozen 
firms are at work on models for 
atomic-powered submarines, nuclear 
energy central stations, even atomic- 
powered aircraft. 

To the man in the chemical process 
industries, all this is good news, 
because canned-rotor pumps can’t 


H. T. White and D. P. Litzenberg (left), developers of the 
first practical seal-less “canned-rotor” pump. On the desk 
are plans for an extreme-pressure, extreme-temperature 
design. 


PUMP SERVICE POLICY ENDS 
MAINTENANCE PROBLEMS 


To reduce process downtime, many 
plants purchase a spare pump for 
every two, three, or five pumps 
installed, depending on circum- 
stances. We feel this is a good policy, 
since downtime is limited to the 
time required to install a spare. 

But what about repairing the faulty 
pump? Are proper spare parts on 
hand? How about maintenance 
department scheduling? The answer 
to these and other problems is the 
Chempump Service Policy. Any 
Chempump, damaged or inoperative 
for any reason—including improper 
pump application—will be repaired 
at the factory and returned to the 
customer with a new pump warranty. 
The pump is completely rebuilt, 
inspected and tested by factory experts 

.. and the cost is moderate. 

This service policy stops repair 
headaches, cuts spare parts inventory, 
and in effect, places a new pump 
on your shelves in short order. 





leak. The, require no shaft seals or 
stuffing boxes, maintenance is prac- 
tically nonexistent. And leakage losses, 
high maintenance costs are two of 
the biggest headaches centrifugal 
pump users face. 

Canned-rotor pumps came about 
through the efforts of two young 
Philadelphia engineers, now officers 
and directors of the Chempump 
Corporation. Working on principles 
developed before World War II, they 
did further research and engineer- 
ing, and in 1947 began production of 
a seal-less, canned-rotor pump, 

Even while tooling up for produc- 
tion of this first model, the two 
designers were planning variations 
for specific applications in the chem- 
ical process industries. Pumps were 
built to handle extreme tempera- 
tures and pressures as well as a variety 
of corrosive fluids. The pumping 
requirements of chemical processors 
were carefully studied, and steps 
taken toward standardization of 
designs to meet those requirements. 

1952 saw the formation of the 
Chempump Corporation to build 
canned pumps for the chemical proc- 
ess industries. Experience gained 
from nearly 15 years of laboratory 
and field testing went into the design 
and production of products offered 
by this corporation. First in the field 
of canned-rotor pumps, Chempump 
is also first with pumps tailored 
specifically to the chemical process- 
ing industry. 


Chempump handling condensate under extreme vacuum for 
large Eastern chemical manufacturer. Air contamination 
would render system inoperative 
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CHEMPUMP CORPORATION 
1322 EAST MERMAID LANE + PHILADELPHIA 18, PA. 
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Handbook of Radiology 


RUSSELL H. MORGAN, Editor, KENNETH E 


CORRIGAN, Assoc. Editor [Yearbook Publishers, 


1955, x + 
Marnsn 


Laboratory 


Inc., Chicago, 


Reviewed by 


. 


518 pages, $10.00) 
Bavcer, Oak Kidge 
Oak Ridge, Tenn 
Che 
Radiology 


the ‘‘Handbook of 
state in their preface that 


editors of 


their aim has been “‘to present in con 


densed form as large an amount ol 


weurate, reliable, and current informa 
tion in the field of radiology as seemed 
consistent with convenience in form and 
the possibility of wide utility and dis 
It is hoped that this aim is 
re ed in future editions. One of the 
a handbook is that it 
reference to essential data 

The 
efforts 


tribution 
primar uses of 
1 read 
it 1 used 
their 
workers engaged in clinical, 


only infrequently 


editors have directed 


Low urd 
industrial 


experimental, and 


tions I 


applica- 
With 


any 


ionizing radiations. 
almost 


data 


wide an objective, 


tabular computation of can be 
onsidered essential 


The handbook is 


ection and 


divided into six 


four appendices It is 
difficult to see why the appendices are 


not considered as additional sect 


| 
ba 


met imilar 


LOns. 
tabula: 


“arrange- 


the 


ippendix I it 


to other sections -ol 


Ob 
Che first section consists of 59 pages 
ind 
general definitions 
‘Handbook of ¢ 
but 


ol definitions ol 
The 
the 

ind Phy 
in abbreviated 


the 


physical terms 
unit more 
follo hemustry 
s1CS many are written 
This is a fault 
handbook 


dictionary 


form. 


ines major use of a 


er that of an ordinary 
definition is to impart a detailed tech 
The re 

Hand- 


lor 


precision to a word 
will continue to use the 


book of Physics 


nHrecise 


ewe! 
Chemistry and 
definitions 

4 new collection of definitions, how 
under the subtitle 
handbook 


myriad of 


included 
The 


gether, Irom a 


evel Is 

Radiation pulls to 
source all 
if the sometimes confusing terminology 
These 


to have been much 


idiation radiation cdefini- 


ms appear more 
irefully thought out than the others 
n the handbook. On the other hand 

a compilation emphasizes the 


d for a more careful revision of 
terminology by all of the national com 


For 


the word . dose”’ is defined completely 


mittees on radiation. xample 


n terms of energy imparted to tissue 


Chis is inconsistent with the use of this 


10k 


inconsistent vith 


same word throughout the be 
certainty 
defi dose *“ab- 


“pth 


nitions given for ill 


} ] 


ved dose,’ and dose 


the 


SO! 
The word 
handbook 
pound 

Foll 


are 12 p 


dose as defined in 


has no meaning in its com- 
urface dose 

wing the definitions in Section | 

iwes of conversion tables that 

are expertly arranged 

i) physical 


Section 2 consists of gener 


information The title adds the words 


entheses “including biophysical 


T here a 


ih pa 


data re 72 pages ol physical 


information and 2 pages of biophysical 


data however, be a criti- 


This might 


cism of bioradiation-physicists rather 
than 
Section 3 


ther 
ent 


a criticism of the editors 
consists of 5 


data 


pages ol 


racic ipeutic There is an 


though not 


of depth-dose data for 


exce selection, com 


plete coverage 


most urrently used external beams of 


radiation There is a complete and 


concise de 


scription of radium dosimetry 
hette: 


reviewe! Seems 
inderstand 


the 


ind more easil 


most textbooks on 


I\ consists 
data 


60 


pages ol 


laneous on radioisotopes 


i chemes and decay charac 


teristics are given for a fe isotopes 


Se schemes are often 
kno 
vestigator will still have to 

NBS Many of the essen 
] 


tial essential 


suse ceca, un 


inaccurate, the serious in 
reler to the 
compilation 
data man 
The table on 
characteristics of 


Marinelli 


than the much 


ind 


Isotopes 


are missing beta- and 


gamma-ray-dosage 
racloisotopes published hy 
in 1947 


useful revision of the 


is used rather 
same table 
The de- 


lor 22 


more 
that was published in 1950 

Ca characteristics are given 
Where tritium 


i Irequently used radioisotope 


is included as 


the 


Isotope 


chlorine 
tanta 


Ww hic h are 


sot pes ol barium cerium 


ehromiun ium 


lum, tl 


europium irl 


iium, and zenon 


more widely used, are not included. 


Some of the half-lives used in calcu- 


the have 

Al- 
to the third 
that this 


rounded 


decay characteristics 


lating 
been out date for 


the 


some years 


figures are givel 


obvious 


not 


piace, it is 
cimal place was 
merel\ 
checked 


two 


out but the fourth figure was 


dropped The reviewer 
this handbook’s 


othe 


spot 
tables 


ta! 


against 


sets of similar and it is 


that either 
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All the major installations of 
the A.E.C. as well as private 
firms such as 

GOODYEAR ATOMIC 

COLGATE PALMOLIVE 

G.E. 

DUPONT 

BELL TELEPHONE 

WALTER KIDDE NUCLEAR 
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1.B.M. 
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protection 
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disposable filter cartridge 


e 30 SECOND HERMETIC SEALING 


Delivery all orders 14 days or less 


Dehumidification 
control system Exhaust dust filter system 
with regenerator F control to 1 micron showing 


— ~~ : disposable filter cartridge 
/ 7 Po 4 - Ni . ’ 
Sinulog A 
° 4 
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Replaceable Neoprene 
bellows gloves 


P. M. LENNARD CO. INC. 


312 Pine Street Jersey City 4, New Jersey 
HEnderson 5-0673-4 
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ENGINEERS 
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ENGINEERING 
PHYSICISTS 


@ Attractive salary levels 


@ Advancement opportunities 
Please send 


@ Security and extra benefits a complete resume 
to Mr. P. R. Smith, 
Office 13, Employment 
® Pleasant NEW ENGLAND living y Department 


@ Unexcelled facilities 


...to develop a 
NUCLEAR 


AIRCRAFT 
ENGINE! 


PRATT & WHITNEY AIRCRAFT 


EAST HARTFORD 8 CONNECTICUT 


the tables have errors. It is true that 
the errors are minor when one con- 
siders the practical use to which such 
tables are put, but one expects a hand- 
Look to be authoritative and without 
erro! 

Section 5 consists of 134 pages of 
materials and techniques used in 
radiography and fluoroscopy. The text 
is concisely written, the illustrations of 
technique are a beautiful example of 
precision and completeness. Section 6 
consists of 65 pages under the title 
Radiation Protection Almost all of 
this is concerned with protection from 
external irradiation; much of it is a 
distillation of the NBS handbooks. 

Many things that the reviewer thinks 
are important are missing from the 
handbook. For example, in Appendix 
B a table of seale of 64 is given but 
there are no tables of scales of 128 and 
256. These higher scales are rapidly 
becoming more essential with the intro- 
duction of fast counters and scintilla- 
tion crystals. In some laboratories the 
scale of 64 is no longer used. There 
are no tables of densities of commonly 
used materials. This is the kind of 
tabular material that is now available 
only in many scattered reference books 
but is often wanted by persons using 
isotopes 

The single page of material on count- 
ing statistics with a reference to Jar- 
rett’s article is nota sufficient handbook 
entry for the important and often re- 
ferred to subject of statistics and radio- 
isotope counting procedures. The in- 
clusion of a table of Chi-square is a poor 
substitute for the more usually used 
graphical methods. 

The very important tables on the 
maximum range of beta particles is 
given for only a very few materials. 
Data in both tabular and graphical 
form are available and should have 
been included. There is no mention of 
fission products and their character- 
istics, an item of growing importance 
during the past few years No discus- 
sion of decontamination methods is in- 
cluded, although very useful tabular 
discussions have been published else- 
where Nothing is mentioned within 
the very important fields of neutron 
activation and detection Throughout 
the handbook there seems to be a pre- 
ponderate emphasis on externally ap- 
plied radiation. 

It might appear from the extent 
of criticism in this review that the 
Handbook of Radiology is inadequate 
Nothing could be further from the 


truth Che editors have compiled a 
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monumental selection of tabular and 


graphical data that will be of perma- « ae: 


nent value to anybody working with ... Aa minimum 


radiation. The reviewer will recom- 
mend it to anyone who has a pro- 


fessional interest in radiation as the rise time of 


first book to buy. It has far fewer 


faults than can be reasonably expected 0.08 Microseconds...”" 
of the first edition of any handbook. e 
In the preface of this handbook, the A 
editors request the assistance of readers 
in pointing out omissions and errors. 
With the growing importance of the Ws AV Caer? 
field of radiology, it is hoped that the (+1are) 
national societies and that all workers ¥4 = KIA! 


pres 
with radiation will cooperate in the t Crt) 
preparation of the second edition of (¢) 
this important milestone in radiation ; 


literature. 


Nuclear Physics 


By IRVING KAPLAN (Addison-Wesley Publish- 
ing Co., Inc., Cambridge, 1955, xi + 609 pages, 
$10.00) Reviewed by Seroe A. Korrr, 
New York University, New York, N. Y. 


In this book, which is intended as a 
text, the author has written an excellent 
introduction to the field. The author 
is a physicist of standing, at the Brook- 
haven National Laboratory, and is well As every schoolmaster knows, pupils are from 
qualified to write a text on this subject. 
He has himself done research and made time to time capable of the most learned dissertations on subjects 
contributions in the field of the book. 
The book uses caleules. and would completely outside the matter in hand. Not, it should be added, 


appear to be suitable to first-year 


that these often concern such specialised subjects as Linear 


graduate-student courses; possibly ad- 
inced seniors could also benefit from lifi Tob fi 1 : h ° tate ic j : are Ik 
4 At the end of each chapter there Amplifiers. To be put fully in the picture on this it is necessary to ta 
ire appended sets of problems dealir — ; . , 
ee ee ee to EKCO, who have all the relevant details at their finger-tips. 
with the subject covered, so that the 


student may have some experience in 


m iking the ty pes ol computation that LINEAR AMPLIFIER TYPE N568 7 (rx ep. 


one actually frequently meets in this Developed in conjunction with the Atomic Energy 
held Research Establishment, this highly stabilised 
wide-band amplifier incorporates the latest 
advances in the design of linear pulse amplifiers 
for use in nuclear physics. lt comprises main 
amplifier; H.F. head amplifier; and 

by reviewing those pertinent cathode-follower head amplifier for 


leveloping the subject, in order 
require preceding this course 
one in atomic physies, the author 


cts of atomic physics that underlie use with particle counters working 
ur views of the nucleus, He starts | i" te proportional region. A 
maximum overall voltage gain of 
1,000,000 is provided and gain 
tions of atomic theory and shows how | stability is of the order of 0.1%. 


the periodic system is built up. Then 


th a chapter on the chemical founda- 


he reviews the main relations between 
Please write for illustrated catalogue of the complete range of Ekco electromic 


atoms, electrons : iati : 
electrons and radiation, the equipment for the radiochemical laboratory. 


determination of electronic charge and 


the characteristic properties of radio- 

ictivity. There follows a chapter on - 

Rutherford’s seattering experiments s=3 . 

ind the resulting picture of the nuclear elect ron | C$ 
ator X-rays and X-ray effects, such 


ffraction and Compton scattering, 
reviewed, and Moseley’s law is dis- 
: EKCO ELECTROWICS LTD. * EKCO WORKS * SOUTHEND-ON-SEA * ESSEX * ENGLAND 


issed. Next he passes to the quan- 
tum theory of radiation, and the special US. Sales & Service: American Tradair Corp., 34-01, 30th Sereet, Long island City 6, New York, USA 
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theory of relativity This is followed 
by a section on atomic spectra, so that 
the concept of energy levels and the 
basic ideas of quantum mechanics are 
developed 

The next section of the book is en- 
titled The Nucleus, and here the author 
really gets into the subject represented 
by the title He starts with a discus- 
sion of the constitution of the nucleus, 
of isotopes and of natural radioactivity 
and transformations. He then takes 


Tritium 2 up the problems of artificial nuclear 
" . : 


disintegrations, artificially induced ra- 
C bo 14 © . dioactivity and the resulting kinds of 
ar n= b ' R deca Alpha, beta and gamma decay 
F " — each receive his attention for a chapter. 
He next takes up nuclear reactions and 
ends the section with a discussion of 
nuclear forces and the interpretation 
of the evidence in terms of nuclear 
structure 
Bet Part 3 of the book is entitled Special 
E itti ‘ae | Topics and Applications, and here there 
m ng — | are five chapters headed Neutron 
. : Physics, Nuclear Fission, Acceleration 
Isotopes of Charged Particles, Nuclear Energy 
Sources, and Isotope Separation. In 


‘ : : . . . . * sectio 0 nerg s Ces » s- 
Tri-Carb Liquid Scintillation Spectrometer provides a simple, convenient the section on energy sources, he di 


method for precise counting of beta samples in solution with liquid 
phosphors. 


cusses reactors of various kinds, and 
various cycles that are known in 
astrophysical theory as energy sources 
Such concepts as critical sizes, and 
These Features Tell Why power production and breeding, all use- 
ful in nuclear engineering courses, are 

@ Isotopes with such low beta energies as Tritium and tntroduced 
Carbon-14 are efficiently counted—either individually or in At the end he has three appendices, 
mixtures. Other isotopes such as Sulphur-35, Calcium-45, etc., listing the elements, the physical con- 
can also be readily counted. stants, the journal abbreviations used, 


® Sample preparation is in many cases much simpler and and a nuclide chart that is included as 
faster than with either solid or gas phase counting. Even a separate item at the end. The book 


aqueous samples can be counted. is well indexed. Many other tables of 
: : values, such as isotopic abundances 
® Rapid counting of large numbers of low level beta samples 


is made possible by the convenient design and inherent 
sensitivity of the Tri-Carb Spectrometer. 


and masses are to be found in the body 
of the text 

In judging the potential merits of a 
Tri-Carb Spectrometers are currently in routine use in research and book, a reviewer is inclined first to ask 
clinical laboratories in universities, government installations and in- what group the book is intended to 
dustrial organizations. They are in regular production and are available serve, and then to see how it goes about 
for prompt delivery. serving them. This book is evidently 
intended for two groups of people, first 


«x Hs the students who would use it as a text 
This relatively new method of counting beta we Haare and second, persons who are engaged 


sam ples in solution with liquid phosphors is | = in working on the engineering fringes 


described in detail in Tri-Carb Bulletin 314 of nuclear physics 
| Applying these criteria to the book 


History, basic principles, sample preparation 
: in question, we see therefore that it 


and typical applications are all covered . covers, on a level which all these people 
Request your copy now may be expected to have attained, the 


subject of nuclear physi s Indeed the 





background covered before the main 


ackard/ INSTRUMENT COMPANY ‘subject of nuclear physics itself is 


broached, is sufficient so that the stu 
P. O. Box 428 Dept. B La Grange, II1. dent can, by using the book, learn 


about the subject without first having 
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ourse in atomic physics or 
sics. The subject matter 
ehensively covered, the tables 
ire satisfactory. About the 
ect that seems to have been 
that of the detection instru- 
ich are so important in evalu- 
characteristics of nuclear 
These receive only brief 

1 this text 
vhole, it seems to this reviewer 
book is a most useful one, and 
i most welcome addition to 
scant set of books in this field. 
written, authoritative, and 
1 good and a useful text. It 
constitute a useful and wel- 
ldition to the library of persons 

n this field. 


lsotope Geology 


By KALERVO RANKAMA (McGraw-Hill Book 
Co., Inc., New York, 1955, xvi + 535 pages, 
$12.0 Reviewed by P. M HURLEY 
Ma isett Institute of Technology 
Ca ge, Mass 


lr} ong-awaited book on isotope 
logy by Professor Rankama lives up 
<pectations. It reflects the same 
jughness and complete coverage of 
rature that he has shown in his 
is writings on geochemistry. It 
ilt to present a subject such as 
i branch of science for the first 
because of the need of sufficient 
itory coverage of the physical 
emical bases of the subject for 
eaders. The author has achieved 
jective very well by dividing the 
nto two parts, the first of which 
the elements of nuclear physics 
emistry and the second of which 
erned with the geochemistry of 
ibundance variations. 
Part 1 there are ten chapters 
ig the general aspects of the 
ind chemistry of atomic nuclei. 
with the structure of atoms 
ei, the author progresses into 
stribution and abundance of 
n nature, and into the general 
yn of possible methods of isotope 
ition by natural processes. 
followed by a section on mass 
by physical means and by 
ictivation. The applications 
inalyses to the science is dis- 
riefly in a general way, with 
liscussions in the second part 
book on those applications of 
ilar interest to geology. 
follows a section on radio- 
tivity similar to a number of brief 
itments of this subject that have 
red in books recently. This in- 
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Test Reactor Instrumentation 


available at ANTON Now: 


ADVANCED AIR 

PARTICLE MONITOR 

designed and built for the US 

Navy Atomic Submarine, Sea Wolf. 

This equipment is now commercially 

available. It measures both beta and gamma 
components of airborne radioactive particles in the 
atmosphere surrounding the nuclear reactor. 


Other Reactor Instruments available are: 


Neutron Computer-Indicators 
Ruggedized, fail-safe Gamma Monitors 
Pulse amplifiers designed to 

operate 200 feet from Neutron 
Computer-Indicator 

Personnel and Area Monitors 


Special Counter and Geiger-Integrator Tubes for 
Reactor Applications. 


* Long-lived halogen quenched, stainless 
steel counters and integrators. 

* Proportional, organic quenched, boron lined 
and other types of Alpha, Beta, Gamma and 
Neutron Detectors. 


ANTON Reactor Instrumentation and special tubes have been tested under 
actual reactor operation conditions, They are available... NOW! 


For specific data concerning your requirements write Reactor Instrument Dept. 


\BORATORT 


1226 FLUSHING AVENUE + BROOKLYN 37, N. Y. 





JORDAN 
RADIATION 
INSTRUMENTS 


For every application 
of beta, gamma and 
neutron measurement 


% Using the unique Neher-White ionization chamber, Jordan 
instruments are versatile, rugged, dependable and inexpen- 
sive, A built-in calibration check source is another exclusive 


Jordan feature 


Portable remote areap 
monitoring system for 
unattended recording to 
eight days with al! battery 
model AC operation also 
available 


Jordan RADECTOR — for> 
general survey work, also 
most widely used instru 
ment for civil defense 
Now available with sep 
arate remote chamber 


<4@Remote area monitoring 
system for continuous 
measurement and oper- 
ation of recorders and 
alarms 


4 Remote area monitoring 
and alarm system combin- 
ing control units and 
relays on a single rack 
mounting panel 


q@ Versatile, wide-range 
portable monitor. Ranges 
from background to 
10,000 r/hr in a single 


instrument 


fhese instruments 
J } ; 
bien concerned with be 


% measurements, write 


Department N 


Jordan Electronics, Inc. 


A subsidiary of PANELLIT, INC 
119 East Union Street Pasadena 1, California 


cludes a description of the processes of 
radioactive decay, natural radioactiv- 
and the 
ionizing and 
their with 
Also included is a short sec- 


ity, artificial radioactivity 


properties of particles 


radiation and interaction 
matter 
tion on neutrons and their range and 
absorption 

4 short chapter covers nuclear reac- 


tions in nature, including natural fis- 


sion and the production of nuclides by 


radiation. Getting more into 
the field of 


cusses at some length geological appli- 


Cosme 
interest, the author dis- 
cations of radioactivity. The distribu- 
tion of radioactivity in igneous rocks 
leads to a study of radiogenic heat pro- 
duction in rocks. This is followed by a 


general description of geologic age 
measurement, the age of the earth and 
of the elements. Applications of radio- 
activity are then discussed, in such sub- 
jects as the rate of deposition of ocean 
sediments, the process of metamictiza- 
tion, the genesis of petroleum, well- 
radioactive 
Part 1 


discussion of the 


logging, and the use of 
tracers in laboratory research. 
s concluded by a 
terrestrial abundance of elements ver- 
sus the cosmic abundance of elements 
and nuclides, and the origin of elements 
and a further discussion of isotope frac- 
tionation in nature. 

Part 2 is made up of an extensive 
coverage of information concerning the 
Each 


element 


isotopes of almost every element 
different 
Most of the elements require very little 
than a list of the 
their 


in nature, 


chapter! covers a 


more Isotopes and i 
statement ol radioactive abun 
The principal chap- 


dance 


ters cover the elements that have been 
found to exhibit significant changes in 
the abundance of their isotopes either 
from natural fractionation processes o1 
from the effects of natural radioactivity 
reactions Phe 
those 


helium 


or nuclear principal 


chapters are concerned with 


hydrogen, carbon, nitrogen, 


oxygen, sulphur, argon, potassium, cal 


rubidium, strontium, lead, tho 


cium 
These Major chap 
interest to the 


rium and uranium 
ters are of principal 


geologist and the geophysicist, and 


represent thorough compilations of 
measurements and discussions in the 
published literature. For example, in 
the chapter on carbon, the author goes 
» the variations in the ratio of ¢ 

in meteorites, the atmosphere 
drosphere, the lithosphere, and 
the biosphere, and discusses these vari 
ations and their applications to the 
understanding of geological processes. 


He LiSO 


discusses the variations in the 
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ibundance of C™ and the method of 
age measurement resulting from this. 
Numerous tables are given on the vari- 
ations of the stable carbon isotopes. 
Similarly, in other major chapters a 
detailed listing of the evidence, and the 
inferences drawn from the variations 
of isotopes is presented within the very 
broad framework of the author's geo- 
logical knowledge. 

Like Rankama’s previous works, the 
book is an extraordinarily complete 
compilation and summary of the pub- 
lished literature. The bibliography 
runs to 44 pages with 25-30 references 
per page. The appendix also contains 
a similarly comprehensive name index 
and a subject index of 46 pages, cover- 
ing a wide area of subject matter. For 
these reasons the book is an excellent 
reference text. 

In keeping to a completeness of plan, 
the author has to some extent buried 
the interesting chapters in a large 
amount of detail, which makes the book 
a little less manageable in classroom 
use. However, selected readings from 
the book would adequately cover the 
range of activities in this branch of the 


science 


Radiation Biology, Vol. 2 


ALEXANDER HOLLAENDER, Editor (McGraw- 
Hill Book Co., Inc., New York, 1955, x + 593 
pages, $8.00). Reviewed by Roperts Ruan, 
College of Physicians and Surgeons, Colum- 


bia University New York, N. _ 


This review volume, published under 


the auspices of the Committee on Radi- 
ation Biology of the National Research 
Council, contains 14 chapters written 
by 17 different author-specialists. 
More than half of the chapters deal 
with ultraviolet radiations, from photo- 
chemistry through techniques in re- 
search to the production of cancer. 
The balance of the book is related only 
by virtue of the fact that it deals with 
gunisms within the microseopic range, 
s viruses, fungi, bacteria, proto- 
ind invertebrate eggs and 
yvanisms 
Che types of radiation discussed in- 
clude some high-energy studies in addi- 
tion to the ultraviolet. The excuse for 
the particular grouping of subjects is 
that both parts of the spectrum have 
similar biological effects, so that the 
denominator, if one ean be 
ned, is ‘‘the lower organisms.” 
hapter on Sunburn and another 
traviolet Radiations and Cancer, 
ire exceptions, are tucked in as 
concluding chapters. They deal with 
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physics. Broad interests and exceptional abilities 
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@ Neutron and reactor physics 

@ Advanced electronics and radar systems 


Applied mathematics such as the numerical 
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computers 


Analytical systems analysis of guidance and 


control problems 


Ballistics and the integration of ballistic type 


missiles with vertical guidance 


Electromagnetic properties of the upper 


atmos] yhere 


RF propagation in microwaves as concerned 


with antenna and radome research 


@ Experimental laboratory instrumentation 


Continuing developments are creating new positions 
for those capable of significant contributions to 
the technology of guided missiles, 
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ial, but probably these chap 


1 not be included in any other 


the 14 chapters are quite 

reading in textbook fashion 

ld be ol ilue to novices in the 
idiation biolog Practically 

her chapter concerns material 

ust decade, up to 1951 A fine 
Pollister on 

we of Cytochemical Methods in 

98 of the 144 feferences are dated 

G40 (ytochemical methods 

gely of recent origin, but this 

ime tendency to discu the subject in 
it of current research is shown by 
Kimball in his chapter on The Effect of 
Radiations on Protozoa and the Eggs of 
Invertebrates and Other Insects. In this 
itter field there is an abundance of 


iterature, but the author has 


earlier 
brought the subject up to date. 
One might wish for a concluding 
ummarizing chapter written by some 
pable of assembling, digesting 
ind presenting the salient features of 
recent research in radiation biology of 
the lower organisms. There is a valiant 
attempt in this direction, at the end of 
hapter 10 by Zelle and Hollaender, 
in their discussion of the mechanism of 
radiation effects. They attribute le 
thalit of radiations among lowe! 
ns to an indirect, rather than 
direct, effect of radiations. By in- 
direct action is generally meant that 
chemical intermediates are produced 
by the radiations and these subse- 
react with the biologically 
cant materials, producing muta- 
ons or lethality or both. The authors 
ire disturbed by the independence of 
the bactericidal effect and intensity and 
the lack of large temperature coefficient 
that is generally characteristic of chem 
disinfectants The poison pro 
radiation (UV or high energ\ 
ndirectly’’ produce within the 
internal poison that is quite 
nt from an externally applied 
il disinfectant 
iuthors seem to feel that the 
s the sensitive target, and the 
lethal mutation heritable 
hange), used quite frequent 
ilt to distinguish from lethal 
liation The end result 
dead cell, but 
mutation, the 
its reproduc 
terest to note 
from the 
irect 
| elements 


part due to the 
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many sets of data to fit into 
the target theory. 
Radiation and Viruses by Luria and 
Photoreactivation by Dulbecco are also 
ipt« that many readers will be 
ippy to find 
One gets the impression that the 
litor found it difficult to associate the 
iterial of some of the chapters, but in 


‘T=yNa=)=lelelas 


te of the lack of a common denomi- | 


nator throughout the book, he decided 


ind rightly) that the recent researches 
n the field of radiation biology of the 

ver organisms were so important that 
the unity of the book as a whole was 
relatively unimportant. This may sug- 
gest the diversity of research in the 
field, a field that, though still in its 
infan has a very promising future. 


Framework for Atomic Industry 


By HERBERT S. MARKS and GEORGE F. 
TROWBRIDGE (BNA, Inc., Washington, D. C., 
1955, viii + 276 pages, $12.50). Reviewed 
by Everett L. Houiis, General Electric 
Co., New York, N. Y 


Atomic energy has so often carried 
vith it connotations of mushroom 
clouds, security clearances, and com- 
plex Einstein equations—a subject, 
which even if not enshrouded in 
secrecy, could be understood by only 
1 few Pb.D.’s. And anyway, why 
bother to find out more about the 
atom! 

The promise of atomic energy for 
civilian purposes is changing these 
attitudes. There are now positive in- 
centives for businessmen, investors, 
lawyers and others to learn about the 
itom-——and find out, for example, 
vhether atomic energy might offer 
commercial opportunities, how it might 
iffect investments, and how it will be 
regulated by Government. The in- 
creasing thirst for knowledge about the 
atom is well exemplified by the de- 
mand for, and the large attendance at, 
recent conferences and meetings spon- 
sored by organizations like the Atomic 
Industrial Forum and the National 

il Conference Board. 
There is a growing realization that 
real exploration of the commercial 
ties of the atom means more 
learning about neutrons and re- 
It is also important to under- 
vhat Government rules and regu- 
vill govern commercial atomic 
This new book, “ Frame- 
Atomic Industry—A Com- 
on the Atomic Energy Act of 
by Marks and Trowbridge, will 
be of great value to anyone desiring 
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a general understanding of the new 
Atomic Energy Act and its background. 
Both authors were formerly counsel to 
the Atomic Energy Commission 


both have been close observers of legal 


and 


and legislative developments affecting 
atomic energy 
This book consists of two main parts 


the first of which contains a clear and 


concise discussion of the major changes 
that the 1954 Act made in the previous 
This part includes, for example 


law 
a discussion of the provisions in the 
Act the 
facilities and 

It also 
patent 


new relating to control of 
information 
the 


provisions re- 


materials, 
contains a discussion of 
provisions, and 
lating to power policy, Government 
aid to industry, international activities 
and organization of the Atomic Energy 
Commission, as well as the important 
role of the Congressional Joint Com- 
mittee on Atomic Energy. 

The second part of the book is de- 
voted 
the 
the new 


to a more detailed analysis of 


regulatory system envisaged by 
Act. 
sion of the licensing of reactors and 
the 


of source material, fissionable material 


This includes a discus- 


other atomic facilities, licensing 
called special nuclear material in the 
Act) This 


second comments 


and by-product material 


also includes 


part 
on the enforcement measures available 
to the Atomie 


ind on administrative procedures 


Energy Commission 

The usefulness of the book is greatly 
enhanced by the inclusion in appendices 
of the full text of the Act, the 
earlier 1946 Act, and the official report 
of the Atomu 


new 
Joint Committee on 
concerning the new Act (in- 
The 
the 


Icnergy 
cluding the Conference Reports 
reader will also be grateful for 
wlusion of an index. 

Chis book is far from being a legal 
tic report on the words of the Act 
On the contrary, it stresses the broad 
discretionary authority granted to the 
Atom 


knergy Commission and en 


number of places, to 


yvors, in & 


uggest how the Commission will ex 


administrative discretion 
the 
plained the meaning of term 
not used in the Act itself but that are 


in essential part of the vocabulary of 


cise its 


lurthermore, authors have ex 


that are 


nyone who wants to understand the 
the 


clearances and gray areas 


regulation of atomic industry 
e.g., what L 
are. Also the authors have identified 
particular problem areas in the Act 
in some instances, have indicated 


the 


and 
likely ol 


problems. 


possible solutions to 
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s and Trowbridge put it: 

vould understand must .. . 

vhat the policies of the 

ire and what they signify, 

he must know what the 

s doing and is likely to do 

out Congress’ policies.” 

| certainly assist anyone 

a better understanding, 

whether he be a novice or a veteran 


in the wavs of the atom. 


BOOKS RECEIVED 


American Men of Science, |—The 
Physical Sciences, edited by Jaques 
Catt The Science Press, Lancaster, 
and R. R. Bowker Co., New York, 1955, 
s, $20.00). This first volume 
of the 9th edition contains 43,518 


2180 pag 
names. The second and third vol- 
umes, “‘ Biological Sciences” and “So- 
cial Sciences,”’ should bring the total to 
ibout 90,000 names. In cases such as 
biophysics, where the biography could 
be entered in two volumes, the name 
appears in both with a reference to the 
volume containing the biography. 


Magnetic Amplifiers, by Herbert F. 
Storm (John Wiley & Sons, Inc., New 
York, 1955, xix + 545 pages, $13.50). 
This book is written by a number of 
General Electric authors for “ prac- 
ticing electrical engineers and senior 
students of electrical engineering.” 
The sections are Magnetics, Theory of 
Vagnetic Amplifiers, Components, and 


1 pplu ations 


The Elements of Chromatography, by 
T. I. Williams (Philosophical Library, 
New York, 1955, 90 pages, $3.75). 
Che chapters of this book include: ad- 
sorption, partition, ion-exchange, and 
other miscellaneous forms of chroma- 
treatment of colorless sub- 
leveloping the chromatogram, 
dustrial applications. 


University Physics, 2nd edition, by 
| W. Sears and M. W. Zemansky 
Addison-Wesley Publishing Co., Inc., 
Cambridge, 1955, viii + 1031 pages, 
$10.00 This is a new edition of a 
videly adopted elementary phys- 
Optics is assigned 147 pages 
ear physics is assigned 15 
pages. In light of the growing impor- 
tance of nuclear energy, one might hope 
ittention to it. 


Linearized Theory of Steady High- 
Speed Flow, by G. N. Ward (Cam- 
bridge University Press, New York, 
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probes, (5) wide selection of energy, intensity and sensitivity. 


* om * 
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selection for radiation measurement in research, diagnosis and 
therapy, health protection, and isotope assay. 
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601 30 to 400 10-30-100 1 to 999 x-ray therapy 
30 to 400 100-300-1000 10 to 9990 x-ray therapy 
603 400101300 5000-15,000-50,000 50010 499,500 On telecurie gamma sources 
604 10 to 30 100-300-1000 10 to 9990 Low energy therapy 
605 400 to 1300 1-3-10 0.1 to 99.9 Gamma ray sources 
606 400 to 1300 10-30-100 1 to 999 Gamma ray sources 
607 400 to 1300 100-300-1000 10 to 9990 Gomme ray sources 
1 to 999 Survey in vicinity of 
600 x-ray machines. 
612 6 to 35 100-300-1000 10 to 9990 Low energy therapy 


Survey in vicinity of 
x-ray machines. 


608 30 to 400 1-3-10-1/hr. 


613 30 to 400 0.1-03-1 0.01 to 9.9 
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production control, or ore assaying, 

you can make faster, more accurate 
analyses of uranium with the JAco G-M 
Fluorimeter. Leading mines, mills, 
metallurgical plants and laboratories all 
over the world report making 50 to 100 
determinations a day — even when sample 
concentrations are 0.001% or lower. 


The JAco G-M Fluorimeter offers you the high 
precision sensitivity and stability you want, because its 
advanced design includes exclusive features: 


No Cooling System Blacklight Biue lamps used as ultraviolet source 
require no cooling 

No Optical System sample slide, light source and detecting system 
are mounted in close proximity eliminating optics and allowing low 
voltage across dynode of the photomultiplier tube. 

Improved Power Source circuit comepnatane for input-output voitage 
and tends to compensate for heater voltage variation 

Convenient Centro! Grouping handy keyboard arrangement of switches 
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1955, xv + 243 pages, $6.00). This 
monograph presents the current status 
of the linearized theory for applied 
m ithematicians and aerodynamicists 
It develops the theory for steady flows 
ind then discusses specific boundary- 


ilue problems and their solutions. 


ALSO OF NOTE 


AEC publishes fall-out data. [£x- 
tensive measurements of fall-out in the 
United States to Jan. 1, 1955 from 
itom-bomb tests reveal the resultant 
levels of radioactivity to be below 
natural background. That is the es- 
sence of a report published in Seience 
May 13, '55, p. 677) by Merril 
Kisenbud and John H. Harley of the 
Health and Safety Laboratory of the 
U.S. Atomic Energy Commission. 
During test periods, all of the United 
States except within 200 miles of the 
Nevada test site are monitored by a 
network of 89 sampling stations. At 
all other times the number of stations 
reduced to 41, since debris from 
extra-continental tests is more diffused. 
The monitoring technique (NU, 
May '52, p. 10) has a sensitivity such 
that a fall-out of 10 dpm/ft?/day can 
1M detected since a fall-out ol 
10°/dpm/ft? results in a general rise 
in gamma background of 4» mr/h 
the detection limit of this monitoring 
scheme corresponds to 10°° mr/hr 
rhis is 10-**% vormal gamma _ back- 
ound, due to cosmic rays and natural 
radioactivity, which is around 10 
ni 
Based on 250,000 samples collected 
since 1951, the accumulated fission 
products deposited throughout the 
ountry (in me/square mile) averages 
61 and ranges from 21 in Arizona to 
120 in New Mexico rhe fall-out is 
less than natural radioactivity on the 
earth’s surface. Naturally occurring 
Ra alone, in the upper few inches 
the earth’s crust is present in 
imounts of 100-1,000 me, square mile 
The gamma-ray dose corresponding 
to a 120-me/square-mile fall-out is of 
the order of 0.001 mr/hr, which is less 
than natural background of 0.005-0.05 
mor/hs Rain can precipitate anoma 
uusly large amounts of radioactive 
debris, but in no Instance outside the 
200-mile test area has this exceeded a 
cumulative dose of 100 mr 
The 25-yr half-life of Sr” and the 
fact that it is treated like calcium in 
yical systems make it important 


consider this isotope separately 
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1954, the estimate 

r’’ was 3 me/square 

is one-millionth of the 

AEC estimates to be required 
le biological effects. 


Russian experiments with a 660-Mev 
synchrocyclotron. A group of 7 Rus- 
pers, from Doklady 99, No. 6 
5, 1954), on experiments with a 
nchroeyclotron has been 
\l. Hamermesh. These 
al Russian high-energy- 
chniques to be comparable 
employed in America. 
counters, fast electronics 
chambers are used in much 
experimental arrangements. 
te is the fact that the Insti- 
iclear Problems, where the 
irried out, had a 460-Mey 
chrocyelotron in 1952, and 
of 660 Mey in the summer 
This is much below the 
terkeley bevatron, but 
Russians to have been 
52 
| analysis of the Russian 
epared for NucLeontics by 
itt of Brookhaven National 
follows 
he articles, appearing under 
mbinations of the names of 
Bogomoloy Meshcherya- 
Nikitin, Piskarev, Se- 
oko, Vzoroy, and Zomb- 
with angular distributions 
cattering of protons by 
t energies ranging from 460 to 
Scintillation counters were 
easure differences in scatter- 
en paraffin and carbon. 
the scattering is found to 
tropic; the ratio, R, of the 
cross sections at 30 and 90 
At 610 Mev R has in- 
2.2, and at 660 Mey to 3.2 
ted that the very rapid 
R between 610 and 660 
caused by a resonance 
r to that observed in pion- 
ittering at corresponding 
iss energies. The total 
section between 460 and 
found to be essentially con- 
ullibarns. On the other 
tic cross sections, mostly 
meson production, are 
it 460 Mev and 18 milli- 
t 660 Mev, making use of results 
Leavitt, and Chen (Brook- 
Ihe large inelastic cross sec- 
660 Mev must lead to diffrae- 
ng which further contri- 
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HALF-WAVE FAST RESPONSE 
MAGNETIC AMPLIFIER CIRCUITS 


An important requisite of any practical amplifier is that it should 
be possible to cascade several units if more amplification is required 
than a single stage can offer. In usual magnetic amplifiers, this 
creates some practical difficulties because the inherently long time 
constants of each stage add up, and the cumulative time constant 
of the several stages may become excessive for practical applications. 
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Ford Instrument Company has perfected and holds the basic 
patents on circuits which allow cascading magnetic amplifiers with 


stages operating on successive half-cycles of the a-c supply. 


In the circuit shown here, amplification in each stage of the 
amplifier is accomplished by pre-setting the core fluxes with the con- 
trol-winding signal during one half-cycle of the applied load-winding 
voltage. During the next half-cycle, when the load-winding conducts, 
the control winding contribution is negligible. In this mode of 
operation the control winding of each stage of the amplifier receives 
its signal during the reset or non-conducting half-cycle of that stage 
of amplification. The effect of this signal occurs during the next half 
cycle, thus the time constant in the stage is at a minimum of % cycle 


The amplifier uses half as many elements (cores and rectifiers) 
as the conventional bridge (full-wave circuit), and has a constantly 


higher figure of merit (power gain per cycle of time constant). 


In amplification problems it will pay you to talk to the engi- 
neers of Ford Instrument Company. For forty years this company 
has specialized in designing and manufacturing special computers 


and controls Se nd your problem to Ford. 


@® FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N.Y. 


ENGINEERS 


of unusvel abilities con find o future of FORD INSTRUMENT COMPANY. Write fer information 


rHe NMC mosite Measures 


Beta-Gamma 


AIR MONITOR fahf- Out 


ACCURATELY + RELIABLY * CONVENIENTLY 


For Use Wherever Airborne 
Radioactivity Is Encountered 


A mobile self-contained unit for 
detecting high-energy beta, and 
gamma. Automatic warning system 
for “caution” and “danger” levels. 
No reported failures in over 300,000 
hours of field operation. Weight: 
450 \bs. net; 500 Ibs. for shipping. 


F.O.B. INDIANAPOLIS 


PREE CATALOG 


Catalog W-8 covers NMC’s complete 
line of nuclear instruments 
Send for your free copy. 


eeeeeveeveeeeneen eee eeeeeaeeene eeeeeeeeveee 


Nuclear Measurements Corp. 
2460 w. ARLINGTON AVE. * INDIANAPOLIS 18, ino. 


SWORTH ASSOCIATES 


PEACETIME ATOMIC INDUSTRY 
RELATIONS AND ADVERTISING 


The first and only firm with this specialty, 
Molesworth Associates offers indystry fearly 
twenty man-year§ of public felations and ad- 
vertising expegience in the atomic energy field. 

This unique organization—now in new and 
expanded quarters—is promoting the progress 
of many com prominent in the nuclear 
energy industry .. . It can do the same for you, 


MURRAY HILL 5-8811 
@ 
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butes toward the observed deviations 
Irom isotropy. 

In a further paper by Dzhelepov 
ind Kazarinov, elastic scattering of 
380-Mey neutrons by protons is in- 
vestigated The total! scattering cross 

ction is found to be 40 miullibarns. 
The angular distribution varies slowly 
between 50 and 130 deg but outside 
this interval shows the characteristic 
peaking already observed by others 
at lower energies It is concluded that 
at high energies strong interactions be- 
tween nucleons occur in the isotopic 
spin state 7 = 1 and that exchange 
and ordinary forces contribute about 
equally 

A 300-Mev neutron-neutron experi- 
ment was performed by Dzhelepoy 
Golovin, and Sataroy The D.O-H.O 
difference is observed for elastic scat- 
tering The total elastic cross section 
is estimated to be 22 millibarns and 
the angular distribution between 50 
and 90 deg is isotropic, both in agree- 
ment with proton-proton scattering, 
which is consistent with the charge- 
independence hypothesis. Agreement 
with the Russian results is found where 
other data for comparison are available 

Finally, a propane bubble chamber 
of the Glaser type is described by 
slinov, Krestnikov, and Pershin. The 
glass chamber, 1.6 em i.d. and 5.5 em 
long, was exposed to radiation from 
the accelerator, and photographs of 
tracks were obtained. It is found that 
in*their overation of the chamber the 
bubbles grow more slowly than in 
Glaser’s experiments, facilitating con- 
trol of the chamber The number of 
copies of the translation is very limited; 
copies may be obtained by writing to the 
physics division of Argonne National 
Laboratory, Lemont, Ill 


Charged-Particle-Cross Sections Com- 
pilation. Cross sections for scattering, 
capture, and all other nuclear reactions 
initiated by charged particles of energies 
up to 30 Mev will be published in a new 
compilation similar to AECU-2040, the 
neutron-cross section compilation. 
Deadline is in about 6 months. Data 
are being assembled from individual 
experimenters as well as from published 
articles. In its initial form, the presen- 
tation is mostly on a linear scale; both 
laboratory and center-of-mass-system 
data are given, although often the cm 
data are left in tabular form. Sub- 
nuclear particles are exeluded. The 
lata are being compiled by 18 staff 
members at Los Alamos under the 
sponsorship of the AEC Nuclear Cross 


Section Advisory Group 
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NEWSMAKERS 


Ralph Singleton of Brookhaven Na- 
tional Laboratory’s biology department 
ns the University of Virginia Septem- 
s Miller professor of biology. He 
be director of the Blandey 
«perimental Farm at Boyce, Va., and 
study radiation effects there with 

i Dbait-60 source. 


Theos J. Thompson will direct construc- 
tion of the Massachusetts Institute of 
rechnology research reactor. Form- 
e! charge of design and construc- 
tion of the Omega West reactor at Los 
Alame he has been named as an 


ite professor of nuclear engineer- 


gat MIT 


B. A. Schmickrath, assistant chief engi- 
neer at Pratt & Whitney, is in charge 

f the firm’s nuclear-propulsion labora- 
tory at East Hartford, Conn. 


Edwin E. Ferguson has been named | 

deputy general counsel for the Atomic | 

Energy Commission. He succeeds | 

Harold Price, now director of the 
1 of licensing 


Abraham Edelmann, of Brookhaven 
National Laboratory’s biology depart- 
ment, and Charles W. Stanley, of 
Walter Kidde Nuclear Laboratories, 


e joined Nuclear Science and Engi- VOLTAGES UP TO 100 KV 
neering Corp., Pittsburg, Pa. 
‘eteeen aha ema IN PULSE, RF, AND 60 CYCLE 
alter Bede mi 1s been namec 
hairman of the board and president of CIRCUITS MAY BE READ DIRECTLY THN 
\ MF Atomies, Inc., newly formed sub- |) Mia Tih ip WwoUlya Deka. Fe 


of American Machine and ; 

that will handle the com-| For the first time, vacuum capacitor voltage 
operations. | dividers have been integrated with a high im- 
pedance voltmeter to provide: 








pal s atomic energy 
Arthur V. Peterson is vice president for 


perations. Board members include {7 Six linear voltage ranges including a 50 


George S. Hills, Murray McConnel, KV range for single-ended measurements 
| and a 100 KV range for double-ended 
Stanley deJ. Osborne, and Eugene | measurements. (These ratings may be 


Zuckert. doubled by using @ Type JCD vacuum ca- SPECIFICATIONS 


pacitor in series with each divider.) VOLTAGE RANGES ok volts full j 
William A. Robba heads a newly formed IAA frequency range of 20 cycles to 20 Single Ended: 2.5 - 10. 98. 60 hag oh 


nuclear engineering group within the megacycles at full rated voltage and up Double Ended: 5, 10, 25, 50, 100 KV 
to 50 megacycies for lower voltages with 
research department of Raytheon low harmonic content. FREQUENCY RESPONSE: 20 cps — 50 me 
Vianufacturing Co., Waltham, Mass. i Nearly infinite input resistance with a INPUT IMPEDANCE: 
loading capacitance of less than 4 mmid. Resistance: above 10'* ohms 
; » Matlenal Ealienstecula aiiiear 7 Oscilloscope connections for each divider Capacitance: less than 4 mmids 
avs : . a A . with voltage division ratios of 300;1. CALIBRATION ACCURACY: * 3% of f. s. 
engineering department. Use it alone or with either divider con- POWER SUPPLY: 117 v., 50/60 «., 20 w. 
nected directly to the vertical deflection DIMENSIONS: 16” x 10” x 10%” 
plates of an oscilloscope. Use it to NET WEIGHT: 11 pounds 
»5 measure and view continuous 60 cycle, 
Industrial Corp., has joined American rf, and pulse voltages. Use it to cali- 
Locomotive Co. as chief development brate oscilloscopes and to measure penn 
eer, atomic products. percentage of modulation, standing Sameer 
: ee Pe wave ratios, phasing, or unbalance. 
E. R. Piore, formerly chief scientist Use itto measure positive peaks, nega- SOLD DIRECTLY BY JENNINGS 
puty chief of the Office of Naval tive peaks, or peak-to-peak values of $4 75 50 FOB SAN 
rch, has been named vice presi- any symmetrical or non-symmetrical ° — 


Avco Manufacturing Corp., | voltage wave. 


He formerly was a member of Brook- | 


John F. Haines, formerly vice president 
ind chief engineer of the McCauley 


hairman of its committee on 
- : JENNINGS RADIO MANUFACTURING CORP.- 970 McLAUGHLIN AVE. P.O. BOX 1278 - SAN JOSE & CALIF 
iced scientific research. 
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FOR 
VIEWING 
WINDOWS 


Zinc Bromide in optical grade solution has been demon- 
strated to be an effective answer to the problem of shielding 
viewing windows. Michigan Chemical ¢ orporation, for 
twenty years a quality producer of chemicals, offers a prompt 
supply of this compound, Michigan Chemical Zinc Bromide 
now in use has proved satisfactory, and complies with all 
AEC specifications 
Write us for further information, 
and a reprint of an article from 
NUCLEONICS entitled, “Design 
and Construction of Shielding 
Windows”. 


MICHIGAN CHEMICAL CORPORATION 


Soint Levis, Michigan 
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A versatile, self-contained 
yet moderately priced 
ratemeter, the BN. 102 
can be used for normal 
counting and health mon- 
itoring purposes with a 
wide variety of scintilla- 
tion or Geiger counters. 
The instrument incorpor- 
ates a pulse amplifier, 
discriminator and variable 
stabilised E.H.T. supply. It is mounted on a 

standard 19” panel with controls designed for ease of operation. 





Count ranges: 0-10, 100, 1,000, 10,000 counts/sec. 
Electro-mechanical register for low rate counting 
External connections for scaler, recorder and quench unit 
Loudspeaker for aural indication 


The BN. 102 is one of a range of nucleonic instruments 
designed and manufactured by Burndept Limited. We 
welcome enquiries for any form of laboratory or industrial 
nucleonic instrumentation. For further particulars, 
write to Dept. N. 


BURNDEPT LTD - NUCLEOWICS DIVISION - ERITH - KENT © ENGLAND 
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PRODUCTS ano MATERIALS 


Radiohazard Signs 


Printed in colors that conform to 
AEC and ASA specifications, warning 
signs (shown right) are available in 
9, 34g K 10, and 5 X 14 in. 

ire self-sticking, come on 

idual dispenser cards. Combi- 
can be assembled from sepa- 
rns.—W. H. Brady Co., 727 W. 


lale Ave., Milwaukee 12, Wis. 


Hot-Lab Periscope 


Stereoscopic telescope-periscope built 
for KAPL provides closeup of radio- 
active specimens equal to 5X unaided 
eye at 10 in. Optical path length 
is 20 ft; object field is 45 mm in 
diameter. Leica-72 can replace bi- 
nocular eyepiece for two-exposure- 
stereoscopic or ordinary photography 
as hown above.—E. Leitz, Inc., 


i186 Fourth Ave., New York, N. Y. 


Gold Infusion Unit 


Jased on Lough’s design (NU, Feb. 


55, p. 62), new cart-mounted unit 
administers 150-250-me 

Au'® sterilely and safely directly 
from ORNL 10-ml shipping bottle. 
Technician’s dose is below 5-10 mr. 
William B. Johnson, Inc., Empire 
State Building, New York 1, N. Y. 


colloidal 


* 
1'*? radiography unit. Sources up to 
75 ¢ can be exposed from 50 ft away 
using flexible-cable principle of the 
Isotron.—The Gamma Corp., Mans- 
field, Mass 


Radiographic-exposure calculator. 
Slide-rule-type calculator determines 
Ra or Co exposure times on basis of 
film type, source-film distance, photo- 
required, 


graphic density source 
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strength, and thickness of steel 
Radiation shielding re- 
quirements are also given.—Techni- 
eal Operations, Inc., 6 Schouler 
Court, Arlington 74, Mass. 


specimen. 


Isotope carrier. Model L-7 has 
l-in.-lead shielding throughout, rub- 
ber carrying handle, lock, and 1 '4-in.- 
diameter t-in.-deep storage hole. 
NRD Instrument Co., 6429 Etzel 
Ave., St. Louis 14, Mo. 


Neutron film badges. Weekly serv- 
ice provides nuclear track emulsions 
for proton-recoil determination of 
neutron exposure.—R. 8. Landauer, 
P. O. Box 102, Park Forest, Il. 


RADIATION DETECTORS 
AND ACCESSORIES 

















Medical Spectrometer 
Model DZ21 


Francis-Bell circuit, combines high- 


above), based on the 
voltage supply, linear amplifier, sin- 
gle-channe! pulse-height analyzer, and 
Model DP21 sein- 
tillation probe available.—Detecto- 
lab, Inc., 6544 N. Sheridan Rd., 
Chicago 26, I)! 


count-rate meter 


Tissue-Equivalent Materials 


The conductive plastic and the spe- 
cial gas formulations described next 


are used in the construction of tissue- 
equivalent chambers, 

© CP-705 is available with a weight 
composition of 9.0-10.2% hydrogen, 
0.5-4.0% nitrogen, with the balance 
carbon. Material is uniform and 
stable, has low permeability. Data 
on compression and injection molding 
F. A. Muller, Federal 
Telecommunication Laboratories, 500 
Washington Ave., Nutley 10, N. J. 

© Gases of all compositions, including 


are available. 


tissue-equiva lent mixtures are avail- 
able in standard small cylinders.—A. 
Mossman, Mathesson Co., E. Ruther- 
ford, N. J. 





Scaler, Glow-Tube Re, ‘er 


Featuring interchangeable binary or 
decimal scales, the model 200 sealer 
i¢ shown above with GT-6 preset 
glow-transfer-tube register that can 
be preset to any count from 10 to 10°, 
Unit includes gain-of-2,500 linear 
amplifier with l-myv input sensitivity, 
500-5,000-volt high-voltage supply, 
internal mercury-relay pulser, and 
built-in automatic timer.— Radiation 
Instrument Development Laboratory, 
2337 W. 67 St., Chicago 36, Ill. 


X-Ray Counters 


These two counters were designed for 
use with X-ray diffraction equipment 
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(1) 6-in.-long, 17¢-in.-diameter, 9-oz 
scintillation counter-preamplifier unit 
with l-ysec resolving time, 45-cpm 
background, 600-800-volt threshold, 
and 75-volt-minimum plateau. (2) 
4!4-in.-long, 1-in.-diameter, 4-0z. pro- 
portional counter-preamplifier unit 
with l-usec resolving time, 20-30- 
epm background, 1.4-mg/cm? mica 
window %»@ X 7 in.—North Ameri- 
can Philips Co., 750 8. Fulton Ave., 
Mt. Vernon, N. Y. 


Prospecting Counters 


9G6L Lier <a Here are five new additions to the 
oO CNCY growing group of instruments de- 


signed for uranium prospecting. 
95% Efficiency at full load is standard with the new RAPID © Model 2613. the Oracle. has 10 
GERMANIUM RECTIFIERS. What's more, voltage is stabil- . . ; 
ized to + 1 volt from no load to full load. And, these Geiger tubes for 0.001-mr/hr sensi- 
ore just two of the many advantages of these new units. tivit tattery life is 250 hr con- 


With continuously variable, oil immersed inductor controls, tinuous, oO! equal to shelf life for 


RAPID GERMANIUM RECTIFIERS are the power supplies of 2-hr/day operation Comes’ with 
tomorrow—here today Write for complete information, P o7 TT 
meter, earphones, and 0.1%-U sam- 
today. Write to Rapid Electric Co., 2881 Middletown Road, an rey arom m — a : : _ 
New York 61, N. Y. Ask for Bulletin ple.—Nuclear Chicago, 229 W. Erie 
St., Chicago 10, Il. 
to) THE NAME « ® Weighing just 444 lb, model GS-3 
a has large Geiger tube on probe cable. 
Nuclear Measurements Corp., 2460 


RAPID ELECTRIC COMPANY N. Arlington Ave., Indianapolis 18, 
. ndiana 
[2 : Model 111-B Percentometer can 


register percentage of U for field 


radioassay. Scintillation crystal (114 


in. in diameter) and 3-in. meter make 


1.4 times more gamma-ray 
. for high sensitivity.—Radiaec Co., 489 
attenuation than lead... Wiith Ave. New York 17. N.Y 


© Featuring a 1-flashlight-battery 


Carboloy Hevimet reduces supply, S101 Geiger Gun has meter 
and headphone outputs.—Scientific 
shield size and weight Radio Products, Ine., 215 8. 11 St. 

Omaha 8, Nebraska. 
 —oaineeannneteenenitanidianel | Carboloy® Hevimet makes a more © Transistorized model B Geiger 
effective gamma- or X-ray shield counter weighs but 1 lb, operates 100 


Meetranical P fie with less bulk — than lead. This hr on single mereury battery, has ear- 
Tensite Strength (p.s.i.) 95.000 Min tungsten-nickel-copper alloy is an phone output only.—Transimite Lab- 
Hard -/Pockwell "C") 20—30 ideal material for shielding ap- oratory, Manteo, North Carolina. 
oe ot ep erty ty plications where size and weight 
Yield Strength (0.2%, offset) (p.s.i.) 75,000 are critical. De Ds 
eee hive Can af 2%) Re. With its high density (16.9-17.2 31-kv d-c supply. Model 56-105 is 
Thermos! Properties: , : gms/cm*"), Hevimet combines ex- oil-filled and has 10-milliamp output, 
Coetfici.:nt of Thermal Expansion cellent . physical and electrical negative ground. Other ratings avail- 
(in. /in./°C) (20° -400°C) 56x 10° properties It is easily machined able Central Transformer Co., 910 
Electrical Properties: or drilled to close tolerances; W. Jackson Blvd., Chicago 7, II. 
Electrical Conductivity 15.4% ACS easily polished or plated. 

Magnetic Pormesbiiity salient Hevimet blanks are available Pulse generator. Repetition rates 


Neminal Properties of Hevimet 


Shielding Properties: : are fj oe 
semi-finishe » fin- from 10 to 10° eps, pulse widths from 
X-Ray Absorption &@ 2,000,000 volts a in rough, semi-finished, or fin n ps, | 


Half-Value Layer for Co”(inches)(narrow beam).0.330 ished form. For complete techni- 0.1 to 1,000 psec, variable 93-ohm 
(broad beam). . 0.344 cal information, send for Bulletin output (to 40 volts), five synchroniz- 

HV-4 ing pulses: these are features of B2A 

pulse generator.—Rutherford Elee- 


“Carboloy” is the trodemark for products of the Carboloy Department of General Electric Company . enon G 
_— 5 exe Agen tronics Co., 3707 5. Robertson Blvd, 


Culver City, Calif. 


CARBO LS 4 Scintillation counter. In model 


DEPARTMENT OF GENERAL ELECTRIC COMPANY D4105, sample is contained in 25-m! 
11530 6. 6 Mile Ave., Dowel 32, Michigan alkathone vessel, activity is measured 


CARBOLOY CREATED-METALS FOR INDUSTRIAL PROGRESS) by Nal(Tl) erystal and 11-stage 
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litiplier Glow-transfer 
ronograph and instrument 
ng ratio of three pulse 
ilso 6available.—Labgear 
Ltd., Willow Place, 

ue | ngland. 
Large stop-clock. Having 48-h: 
Durachron stop-clock reads 
nutes and seconds with 

acy on 4 or 8-in. dial. 

Service, 6972 N. 


26, Ll. 


LABORATORY INSTRUMENTS 
AND APPARATUS 


Smal! Thermocouples 

Fo tallation in walls, two thermo- 
ibove) are available. June- 
s formed by nickel plate on end 
stee! tube. Probe diameter is 
0.09 for model 1, for model 2 probe 
(2-56), about 0.1 in. 
umete Temperature ranges are 
(00-S00° F and ~—300-2,000° F. 
Ver t response Is achieved.— Mid- 
Research Institute, 4049 Penn- 

Kansas City 11, Mo. 


is threaded 


Accurate Thermocouple 
Fiberg insulated, stainless-steel 
twe e thermocouple has accuracy 
from 0-1,000° F. Element is 
20-gage wire. Greater flexibility 
ble than with ceramic-insu- 
dels. Lengths are from 6-60 
[inneapolis-Honeywell Regula- 
Wayne and Windrim Aves, 

PI lelphia 44, Pa. 


New Chemicals 

Additions to a line of rare-earth 
| a reagent grade chemical 
ind Hf analysis have been 


ivailable chemicals, and 
sroducts at lower prices are: 
vide-99 % minimum purity; 
xide, 99%; ytterbium oxide, 
1 99%; and europium oxide, 
Research Chemicals, Inc., 

31, Burbank, Calif 
igent grade p-bromomandelie 
been successfully used for 
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REGULATED HIGH VOLTAGE 
POWER SUPPLY 


MODEL N-401 450-1800 Volts Positive Continuously Variable 0-5 MA 


INTRODUCING the Model N-401 regulated high voltage power 
supply using the new ultra stable 85A2 voltage reference tube under 
constant current operation 


SPECIAL FEATURES 


STABILITY againat line voltage changes 3 PPM#/volt in the 
range 105-125 volts 


REGULATION 2.5 PPM/ma in the range 0-5 ma 
OUTPUT IMPEDANCE—approximately 2.5 ohms shunted 


by 0.5 mfd.; provides low hum pick-up, 


LOAD TRANSIENT RECOVERY time constant 80 micro 


seconds, no load to full load 
TEMPERATURE COEFFICIENT 100 PPM/°C 


LONG TERM STABILITY limited entirely by the voltage 
reference tubes at less than 10 PPM/hour for the first 1000 
hours of life and less than 2 PPM/hour thereafter 

NOISE AND RIPPLE less than 3 PPM peak-to-peak 


QUALITY components, hermetically sealed high voltage 
transformer, 4 inch panel meter, high resolution fine contro! 
+ PPM parts per million at 1000 volts 


USES 


¢ HIGH RESOLUTION scintillation spectroscopy 

¢ HIGH MULTIPLICATION proportional counters 

¢ PULSED COUNTER work requiring high surge currents 
GENERAL APPLICATIONS requiring battery like stability 


deliwery from stock F.O.B, Princeton, N. J $428 
Write for Brochure 


HAMNER ELECTRONICS CO., INC. 


P.O. Box 531 PRINCETON, NEW JERSEY 


PHOWN 








Zr and Hf analyses. It is claimed 
superior to other reagents. Melting 
point of the compound offered is 
116-117.5° C.—Pilot Chemicals, Inc., 
17 Felton St., Waltham 54, Mass. 





LELAB GEIGER-MUELLER TYPE COUNTER TUBES 
Metal-Walled — Resist Shock 


Except for a glass bead insulator, Lelab counter tubes are constructed entirely 

of metal. The metal cylinder is used both as the envelope and cathode of the 

tube—providing it with strength, resistance to shock and simplicity of design. 
The restriction of all emugenent parts within the diameter of the tube By slipping '(¢ in. tubing into fitting 

permits the close stacking of many tubes within a confined space. Each 

counter is custom-built, filled and tested in order to insure stability and 

reproducible results. secured, the Swagelog tube fitting 


LELAB PROBE COUNTER TUBE FOR NEUROSURGERY Gameve) ts riany ar marten. Fe 


flaring is needed. Fitting is made in 


Capillary-Tube Fitting 


and turning nut until tight seal is 


(Robinson-Selversione Type) brass, aluminum, steel, stainless steel 


Made especially for neurological surgery and other purposes requiring a iol , ee 2 | a 3 ‘ 
‘ate pm ; and Monel.—Crawford Fitting Co., 
miniature probe tube. The smal! needle-like probe provides an ideal way an 
of measuring radioactivity in vivo and for probing small areas with a relatively 884 I. 140th St., Cleveland 10, Ohio. 
strong field intensity. 


Write Dept. B for complete information 


H. W. LEIGHTON LABORATORIES, 26 Herman St., Glen Ridge, N. J. 











MODEL LAB—60O RF TYPE 
CONTINUOUSLY VARIABLE 0-60 KV 
DC REGULATED POWER SUPPLY 
Current output 1 ma. at 60 KV, 2 ma. may Tubing Valve 


be drawn from 50 KV to 0. Supplied with 
either positive polarity or negative polarity 
output, installing the TubeLine valve. Tub- 
LAB6O Complete with meter 595 Ne » ie @ and oe sete alwe * 
ee Ge pe FR Rg CO pg Mn ing is cut and connected to valve with 
$745 Net adaptor nut and sleeve as shown 


seeeneeneneeeenenees seenenenceenoner 


Pipe threading is not necessary when 








above. Gas-tight seal is formed. 
Valve body is 304 stainless, stem is 
110. Valve pressure rating is 4,000 


MODEL 
’ is mpact, well designed, rugsedly built DC sup rp 
4575 tw 6AQ05 tubes as a parallel oscillator psi rubing from '¢ bo-In 0 d., can 
‘ fr ‘ » IX rectifier tube. For an output voltage 
4% KV : [ ! st | milliampere, the low voltage in 
. ; put requirement is 250 V at 50 milliamperes. By vary . 879 E. 19th St., Erie, Pa 
POWER : . ne the DC input the output voltage can be varied 


from approx 1 KV to 74 KV. Dimensions: 5% 


SUPPLY : high 5" deep 4%" wide. In completely enclosed 
r na | ° : a a % shown). Less low voltage D« INDUSTRY NOTES 


be used Autoclave Engineers, Inc., 


Seeneeeneeenensressenens 





” 





een eeetenennennee CUREREEOROROUNOR EEO OR CR eeeneeeeeReEnOERS seeeeeneecone 


H =| PHycon-Eastern Inc., Cambridge, 
5 KV . $4.80 Net SEND Mass., has been formed to develop and 
10-15 KV . .12.00 Net: FOR manufacture products for nuclear in- 
25 KV . 36.00 Net? compLete strumentation and control, and other 
35 KV . .42.00 Net fields. M. M. Hubbard is president; 
BEPSEMATION directors include J. R. Zacharias and 
J. B. Wiesner of MIT. 


HIGH é 
VOLTAGE 

STEP-UP 

COILS 

. Hycon Mfg. 
TEE AT TILT RET | oo © the majority stockholder, 


TELEVISION 
OL MAN CO.. INC a — “a Standard Electronics Division, 


Hupp Corp., Carlisle, Pa., is the new 
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the Standard Piezo Co., fol- 
lowing a Products include 
a CdS-crystal radiation meter. 


name o! 


merger. 


Beckman Instruments Inc., Fuller- 
Calif 
for 100 mass spectrometers for U***- 
gaseous-diffusion-plant quality con- 


ton has completed a contract 


trol 
ahead of schedule. 


Delivery was nearly a year 


P Universal Atomics Corp., New 
York, N. Y., plans to manufacture 
and market transistorized, printed- 
radiation-detection instru- 
Firm now distributes radia- 
J. A. Gannon, Jr., is 
president of the new firm. 


LITERATURE AVAILABLE 


Atomic-industry products. Bulletin 
274 products in 
itomic-energy line, such as radiation 


circuit 
ments 


tion counters 


presents typical 


shielding, reactor components, stor- 
age Casks and remote-controlled ma- 
nipulators. 18 p.—Farrel-Birming- 
ham Co., Ansonia, Conn. 

Industrial process tracers. Bulletin 
[T-103 deseribes 14 radiotracers, both 
liquid. 28 p.—Tracerlab, 
Ine., 130 High St., Boston 10, Mass. 


solid and 


Radiation instruments. Catalog il- 
lustrates and describes such radiation 
instruments as: liquid-phosphor coun- 
ters, sealers, linear amplifiers, rate- 
power supplies, scintillation 
detectors and crystals. 20 p.—Tech- 
nical Measurement Corp., 140 State 
St., New Haven 11, Conn. 


meters, 


Counters and controllers. Data 
sheets are available on line of counters 
and controllers, including both total- 
4 p.— Atomic 
Massachusetts 


izers and pre-set units. 
Co., 84 
Cambridge 39, Mass. 


Instrument 
Ave 


Computation facilities. Brochure 
describes the computational facilities 
and code library available for prob- 
as network analysis and 
heat-transfer calculations. 16 p. 
Midwest Research Institute, 425 
Volker Blvd., Kansas City, Mo. 


lems such 


Precious-metal plating. Booklet 
lists properties of precious-metal elec- 
trodeposits. Harper Leader Inc., 
Waterbury 20, Conn. 


Electron microscope. Brochure 
3R2546 tells principles and uses of 
electron microscopes.—Scientifie In- 
struments, 15-1, RCA, Camden, N. J. 
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It’s First! It’s Authoritative! 


| 

! 

i 

I 

. . « the vitally important information needed 
in this rapidly growing field. 
' 

i 

! 

1 


(1) MATERIALS FOR NUCLEAR 
POWER REACTORS 


By HENRY H. HAUSNER, Manager, Atomic Energy Engineering, 
ond STANLEY H. ROBOFF, Manager, Industrial Coordination, 
both of Atomic Energy Division, Sylvania Electric Products, inc 


ow . the very first book to 
N describe the basic types of mate- 
rials used in nuclear power 
their functions, and the 
associated with their 
plains the criteria necessary in select- 
ing materials for shielding, for clad- 
ding fuel elements, for moderators, 
and reflectors—for all the important 
parts of a reactor 





reactors 


Dr. T. KEITH GLENNAN 


u. $ problems 


Fully ex- 


Former Commissioner of the 


Atomic Energy Commission, and use 

President of Coase Institute 
of Technoiogy 

. states in his preface to this 


momentous book 


Written in terms that a layman with 
little technical background can under- 
stand, this book is especially helpful 
to persons having an interest in the 
atomic energy field such as investors, 
insurance men, lawyers, 
and students. Contains a vital chapter 
on their initiative and diligence in on Special Problems of Radiation 


"Benefit of past expenditures of 


brains end money is made available 
to competitive enterprise and those 
which hove 


public may 


proper interest in such matters. 


agencies 


executives, 
The authors are to be congratulated 


undertaking to set down essentially and a valuable Glossary of Nucleoni 


in layman's language, the problems Terms 


that will face anyone who desires to 


design, construct, and operate oa 


1955 


nuclear reactor of the generation of 


255 pages 


power.’ 








Only $3.50 





OTHER TIMELY AND AUTHORITATIVE REINHOLD PILOT BOOKS 


(4) PATENT LAW IN THE RESEARCH 
LABORATORY 


By JOHN KENNETH WISE, noted patent expert 
and research chemist. 


155 pages 
(5) 


(2) TITANIUM AND TITANIUM ALLOYS 
By JOHN |. EVERHART, Associate Editor of 
Materials & Methods 


189 pages $2.95 


$2.95 
SHELL MOLDING AND 
SHELL MOLD CASTINGS 


By T. C. DuMOND, Editor of Materials & 
Methods. 


130 pages 


ADHESIVE BONDING OF METALS 
Research Engineer, 


(3) 


By GEORGE EPSTEIN, 
North American Aviation, Inc., Downey, Cel. 


227 pages $2.95 $2.00 


EXAMINE any or all of THESE REINHOLD PILOT BOOKS FREE! 


REINHOLD PUBLISHING CORP., Dept. M-820 
430 Park Ave., New York 22, N. Y. 


Send me the book(s) I 
have encircled below, for 
FREE EXAMINATION 
In ten days I will either 
return the book(s) and 
owe you nothing, or will 
send purchase price, plus 
small shipping charge 


NAME 
ADDRESS . 


ZONE STATE 


aes MONEY! Enclose purchase price NOW and Reinhold pays all shipping on 
me 
York City orders. 


i 2 ; 4 Crry 


refund guaranteed, Please include 3% sales tax for all New 


return privileges; 
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NATIONAL RADIAC ..... offers Complete Assortment UN Titles 


Continued from page 128 


RA DIATION DETECTORS mw, 4 contamination of irradiated reactor fuels 
I ractional distillation processes using | 
‘ ufluoride 
r reactor fuel dissolution 


for every counting need | ei i ratio 


lante 


Hermetically sealed, thin-walled ros. ENgi-temperature processing systems 


. ” ° lig i-metal fuels and breeder blankets 
containers. Optical glass windows. i 1e chemical nance aaa a : aks Sone 
Transmits ultra-violet. Interchange- geneous reactor fuel 


I'he design and operation of high-level waste 


able, permanent, light tight. torage facilities 


WELL TYPE SHIELD : repre eae, 


: mihoactive 


Hermetically sealed, sodium iodide _ Wastes in terrestrial pits 


al metallurgy of U and ite alloys 


(Tl) crystal, 12” diameter by 2” 19k. Thesenel esiiinn elieste in € 
thick determines the strength of a alloys of | 
sample introduced in its well. This yee ee UO: and ThO 


nalloyed U fuel elements 
is one of many specialized scintilla- 168. Dispersion-type fuel elements 
tion detectors described in Bulletin e or a SS eS 
siya 
No. 10. 47 Disposal of liquid wastes to the ground 
5 Waste-cisposal practice in production plants 
Phe variation of effluent concentrations from 
elevated point sources 
rhe determination of low levels of fission- 
duct wastes absorbed on soil 
nary of practice in ocean disposal of 
oactive wastes in the United States 
orological aspects if gaseous waste 
| 


ALPHA COUNTER SODIUM IODIDE CRYSTAL BETA COUNTER H70, Air and gas cleaning for nuclear energy 


Alpha particle counter Hermetically sealed Thin Stilbene single 7 liation from cl actor debr 
Light tight, insensitive sodium iodide crystal crystal, sensitive prin ; ral accelerator low neutron-velocity 
to other rodiations. Best for gamma rays cipally to Beta rays. spectrometers 

=. R m velocity selector sed at reactors 
Al — [-flight techniquee applied to fast 

so scintillation § plastics, 
nh menasurementese 

neviron detectors, scintilla nh Ciemiil aiindh Chacteanet Ui aBtet. ina 


tion heads and accessories Dept. N-5 ele ore for fast-neutron cross-sectios 


479 Washington St. NEWARK, N.J. > 


. . . . Neutron diffraction research in the United 
Write for descriptive literature. States } 


Recent advances in neutron detection 


rements 








Gamma-rays from inelastic neutron scat 


tering 





Techniques for measurement of neutron 


et 3 cross sections and energy spectra for sources 
FLANDERS MiLL Z AIRPURE which are continuous in energy and time 
Lee s 


Analysis of low-energy neutron resonances 


INC TER ond FI LTERS 187. Cyclotrons designed for precision fast-neu 
= tron cross-section measurements 
, Se 


Analysis of the velocity selector results on 


fissile materials 
Manufacturers of Air Filters of integrity. Specifications: 99.95% efficiency Che low-energy cross section of U% 
on particle sizes of .03 micron as measured by dioctyl-phthalate smoke Measurement of capture to fission ratio of 
, } “ | I and Pu®* by a new method 
nachine, 301 Angular distributions and nonelastic neu 
: . tron scattering 
The basis of filter efficiency is the accuracy of the test equipment, Our test Pee total end Gesien erese cection if Pu 
machine is periodically compared with government equipment, 393. Status of information on reactor material 
cross sections 
No filter leaves our plant without passing these rigid spec ifications. or Summary of cross-section measurements of 
the fission product poison Xess 
‘ Determinations of fission quantities of im 
FLAN DERS Mi LL INC ie seen Theory of the fasion 
Theory of the fission process 
s 

NE YORK Techniques for measurement of fast neutron 
flux 
Capture-to-fission ratio of Pu** and | 











for intermediate energy neutrons 

Mass spectrometric methods for the deter 

mination of nuclear constants 

Status of experimental and theoretical in 

formation on neutron slowing down distribu 
é 


7 tion in hydrogenous media 
The incidence of coun- ANTON halogen quenched tubes are un 1. The fast exponential experiment 
ter tube failures in the affected by overvoltage; are inherently stable. Exponential experiments in graphite-ure 
~— . . nium systems 
_ and rs the bese of Their life is unaffected by use. ANTON halo- 3. Exponential experiments with dlightly en 
nuclear production has been ; . 1 : 
rsenghes . . gen counters have operated at high counting ched uranium rods in ordinary water 
greatly reduced by the use t (attaini : f 1014 ith 104. Pressurized water reactor PWR) critical 
of Anton long-lived, ruggedized stainless steel, FALGS (GUARENE 5B CXCEES O counts) wi and exponential experiments 
halogen quenched counters instead of con- © Substantial change in operating character- | 405. The critical assembly--a nuclear design tool 
ventional, limited life, glass, organically istics; have been in use in some laboratories 
407. Physics description of pressurized water re 
quenched tubes. for more than five years. tor (PWR) 


| 400 he theory of uranium-water lattices 


, ‘ 408. Exponential experiments on uranuim-D,sO 
Long COUNTER LIFE is available for you... NOW. Write for additional data concerning your needs. attices 
1Ov ormal uranium, graphite moderated ré 
a comparison of theory and experi 


yparison of theory and experiment for 


1226 FLUSHING AVENUE + BROOKLYN 37, N. Y. ntermediate spectrum assemblies 
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etical and experimental 


sst reactor physics 
stationary reactor systems 
tron thermalization theories 
heeks of control-rod theory 
{ Doppler effect in inter 


fast-neutron reactors 


fee) = that will withstand 2000°F 


riment 
of h prototype fast 
r plant 
pecting for U and Th 
cting for U by sampling 
e waters 
sa guide in the search for 


isuide in the search fe Will last forever in service— 


nite as potential source 


eliminating costly replacement. 


ochemical techniques and 


ospecting for | 


‘Midis ines ® Available in outside diameters of .04 to .32 


chemistry of = fission 








@ One or more wires insulated with a pure mineral 
swaged into a metal tube. 


n the chemistry of Te 


of nuclear constants by 


is 


training of personnel for e Can be sharply bent. 
ments and economic growth ® Sheath can be welded without loss of insulation. 
te of radiation 
usic research in an atomic 1 jd @ Available in a variety of sheath metals with 
Ie | thermocouples and other wire materials. 





with reactors ® Complete thermocouple probes available using this 
luction of U metal : material made to your requirements. 


{ higher isotopes and higher 
eactor irradiation of Pu** 
operties of the heavier 


Write for Bulletin 6A 


nuclear power in Puerto 


irries 


o Ne te menufacter INSTRUMENT COMPANY, INC. 
und = experimental 1901 NORTH HERMITAGE AVENUE . 
rom a NaK-cooled fast New York, Philadelphia, Detroit, Dallas, Los Angeles, San Francisco and Seattle 
reactors 
mmary of I 8. AEC eivil 
tor program 


I metal by reduction of 


ST aI INVEST IN 


nd solutions 


hnology in the U. 8 


oe ATOMIC SCIENCE 


f reactor fuel and blanket 


ent extraction 


eee through a MUTUAL FUND 


ations of solvent extraction 





ympounds of Pu 


onde Pe ATOMIC DEVELOPMENT 
ony MUTUAL FUND, INC. 


is designed to provide a managed 


7 of the sodium graphite 


1! prediction of neutron cross sec 


Nfissionable elements for energies 


» eS ia investment in a variety of 
on ane evaluation o inda af 
mai-neutron cross sections . . . . . . es? 
capture integrals companies participating in activities 
mal homogeneous critical assem 


resulting from Atomic Science. 


hanges and reactivity lifetimes 


ements in thermal reactors 


fasion process 


sr fision proces bia GET THE FACTS AND FREE PROSPECTUS 


en a ATOMIC DEVELOPMENT SECURITIES CO. 


as _— a wide variety 1033 Thirtieth St t, N. W., Washington 7, D. . 
of higher isotopes and higher ele 
tron irradiation of Put* 


emical separations methods for the Gentlemen: 


por pill AR Please send me my FREE PROSPECTUS and other important 
nd ranep Mmonium wm arations . . rd 4 ‘ 
nent aetin tains information on the Atomic Development Mutual Fund, Ine. 


wnd X-ray erystal structure of 


nt mpounds 


beha r of heavy elementa Name 





oss sections of Pat and 


nal reactor neutrons Address 





liquid Pu City 
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UN Titles 


WHAT'S YOUR | °° 


472 
473 


COUNTING |. 


175. Deeomposition of 


PROBLEM? |" 


4/7. Radiation 


RADIATION INSTRUMENT CO. 


MERCURY PULSER 


Featuring Versatility and Precision 
$1250 FOB PLANT 


Some recent developments in the chemistry 
of Np 

Recent developments in the chemistry of the 
uranium oxides 

Radiation chemistry of aqueous solutions 
Radiation-induced reaction of H and O in 
HeO at 25-250" ¢ 

Effects of reactor radiation 
water systems 


MODEL 401 


ipon high-tem 


perature static 
recoil 


SPECIFICALLY 
DESIGNED 
for the 
NUCLEAR 
PHYSICS 
LABORATORY 


water by fission 


particies 
Organics as reactor moderator-coolants 


aspects of their therma! and radiation 


aoe 
stabilities 
ra d iochenaical 


damage to pro 


essing reagents 
178. Irradiation effects in U and ite alloys 
179. Irradiation damage to carbon moderator 
materials 
180. iffects 
181. Radiation damage in primary 


is Theoretical asp ecte of radiation damage in 


FAST RISE AND EXPONENTIAL DECAY SIMULATES 
SCINTILLATION, PROPORTIONAL OR GEIGER COUN- 
TER PULSES FOR TEST AND CALIBRATION OF AMPLI- 
FIERS, PULSE HEIGHT ANALYZERS, SCALERS, ETC. 


of irradiation on structural materials 


solid types 








metals 


Interpretation of radiation damage to 


Rise time: less than 0.003 microsecond. 

Decay time: selector switch for 1, 
microsecond RC decay 

Pulse amplitude: 1 mV to | 
internal supply) 

Provision for external battery for 
Volts (continuously variable). 
Provision for calibration by external potentiometer. 
Polarity switch permits selection of positive or nega- 

187. Recent developments in the chemistry of tive pulses. 
rh Output contains 
Lotest improved Western 
Repetition rate 3600 ppm. 
Precision Resistors throughout for high occuracy and 
stability. 
Stable mercury cell, protected by AC relay, lasts for 
shelf life 


RADIATION INSTRUMENT CO. 


?.O. BOX 733 SILVER SPRING, MARYLAND 


graphite 
‘84. Rev 


iew of investigations of radiation effects 10 or 100 


Instantaneous ; stale 
Toagle : 185 Dy 


Reset Type normal 


ionic and covalent ery 
nami aspects of erythropoiesis in V in 10 steps (from 
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Here's why 
RIDL’s Model 200 


is aa 


AND MODEL 43A 


SCINTILLATION COUNTER 


IN MODEL M-10 
MERCURY SHIELD 


COMPARE THE MODEL 200 WITH ANY OTHER SCALER AT ANY PRICE 

STARTING AT $765.00, the Model 200 gives you more for your 

money than any other scaler available today. 

NON-OVERLOADING LINEAR AMPLIFIER with a gain of 2500 has 

an input sensitivity of | millivolt and 4 volt for use with all types 

of counters. 

RESOLVING TIME TO PULSE PAIRS—Binary: 1 or 2 microseconds 
Decimal: 5 microseconds 

HIGH VOLTAGE RANGES: positive or negative 500 to 1500 volts; 

positive 500 to 2500 volts or 500 to 5000 volts. 

HIGH VOLTAGE REGULATION: less than .002% change in high 

voltage over the entire range results from a 1% change in line 

voltage between 95 and 130 volts. 

PRESET TIME OR ELAPSED TIME: preset or elapsed time up to 60 

minutes with an accuracy of .1 second may be had with electrically 

reset register, or manually reset register; Odometer type timer with 

electrically reset register. 

PRESET COUNT: 100, 1000, 10,000, 100,000, or 1,000,000 counts. 

For preset count operation of any number between 10, and 1,000,- 

000,000 order the RIDL GT6 Glow Transfer register. 

REMOTE COUNT AND RESET OPERATION provided for by means 

of accessory plug on rear of chassis. 
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Gamma Industries Inc. 
P.O. Box 1469 
Baton Rouge, Lovisiana 


G. G. Leeds & Co. 
12 Crampton Lane 
Great Neck, N. Y. 


H. 8. Hoffman 

3431 Republic National 
Bank Bidg. 

Dallas 1, Texas 
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SCINTILLATION COUNTING ASSEMBLIES 


...each a complete laboratory facility for counting 


ATOMIC’S 


radiation from gamma emitting materials 


for general counting 


SPECIAL SCINTILLATION SAMPLE COUNTER 


A compact, economical assembly specifically designed for gamma radia- 
tion counting. The Detector has a built-in, fixed gain, highly linear, 
non-overloading amplifier for best reproducibility of results over ex- 
tended experiments 


d 2 MODEL 5000 
for counting analysis 


STANDARD SCINTILLATION SAMPLE COUNTING ASSEMBLY 


For greater system flexibility and also for proportional counting and 
other techniques which require separate variable gain linear amplifier. 
Controllable amplification allows counting from low energy gamma 
emitters. The Assembly can be expanded into a complete Spectrometer, 
where desirable, by addition of a Model 510 Differential Analyzer. 





MODEL 5010 
for spectrometry 


SINGLE CHANNEL SCINTILLATION SPECTROMETER 


A complete precision tool for qualitative and quantitative analysis of one 
or more known or unknown isotopes in mixtures. Isotopes are identified 
from their energy distribution curves plotted from Sprectrometer data 
differential discrimination of the oe permits precision 
nting with extremely low background count, with only 1” of lead 


ld 
inp 








Applications for these Assemblies include: chemical analysis, biological 
tracing, medical examination and physical research. Although normally 
equipped with well-type crystals, solid crystals of various sizes may be 


substituted for studies involving solid samples or high energy radioisotopes MODEL 513 


For information about Atomic’s Scintillation Counting Systems please request 
Bulletin 5001-1 
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H. £. RANSFORD CO. — 260! Grant Bidg 


Pittsburgh 19, Pa 
W. A. BROWN & ASSOCIATES — Alexondria, Virgirie 
Branch Offices — throughout Sovtheostern US 
PACKARD INSTRUMENT CO.— FO. Box 428 


LaGrange, ii! 


Scal KITTLESON COMPANY — Los Angeles 46, Colif 
— | N S T 4 U M E | T Branch Offices — San Francisco, Calif 
Linear Am plifiers Aibvaverqve, NM 
COMPANY RON MERRITT COMPANY — Seattle, Wash 
High Voltage Supplies, Scintillation Detectors CANADIAN MARCONI CO. — Montrec!, FO 
QD cameeioce se eae Somes — Tarento—W innipeg—Vancovver— 
MASSACHUSETTS H. L. HOFFMAN & CO. — Westbury, L.!., N.Y 
Differential Pulse Height Analyzers Branch Offices — Philedeiphic, Po.—Syracuse, N.Y 
Buffalc, N.Y.—Beston, Moss 





Count Rate Meters, Coincidence Analyzers 
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Complete, job-fitted instrumentation 
for all nuclear reactor measurements 


HETHER you are working with nuclear reactors for 

power generation, basic experimentation or classi- 
fied projects, you'll find it advantageous to bring your 
measurement and control problems to Honeywell. 


You'll profit by Honeywell's complete line. In coopera- 


tion with physicists and engineers, a wide range of 


specialized instruments has been developed for measur- 
ing and controlling the critical variables encountered in 
reactor operation. Log count rate, period, temperatures, 
linear power, log power, coolant radiation and many 
other variables have been included in the scope of this 
line of instruments. For servo systems, Brown conver- 
ters, amplifiers and motors offer the solution to numer- 
ous special problems. 


You'll profit by Honeywell's experience. A staff of top 
flight engineers who have served the nucleonics field, 
ever since the first self-sustaining reactor was demon- 
strated, gives your application thoroughly competent, 
individualized study. They are familiar with the latest 
developments in reactor operation . . . have devised 
integrated systems for start-up, excess power level pro- 
tection and operating power control for all types of re- 
actors currently in use. And they are well qualified to 
work with you on new instrumentation techniques for 
projects still in the laboratory stage. 


For a discussion of your specific problems, call your 
local Honeywell field engineer—as near as your phone. 
MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial 


Division, Wayne and Windrim Avenues, Philadelphia 
44, Pa.—in Canada, Toronto 17, Ontario. 


H) Honeywell 


BROWN 


INSTRUMENTS 
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